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Introducing... 


Typical Modernization 


Application: 


You salvage everything but the obsolete breaker 
when you install Ruptair replacement units. New 
current transformers, disconnect switches, or buses 
are usually unnecessary. 

A.) Typical open type iron pipe framework used 


with oil type circuit breaker and other switchgear 
components, 


5 kv, 150 mva Ruptair replacement units 
in substation of large midwest utility, 


B.) New Ruptair unit replaces obsolete circuit 
breakers without disturbing buses, disconnect 
switches, instrument transformers. 


IMPROVE CIRCUIT PROTECTION 
REDUCE MAINTENANCE 
MODERNIZE INADEQUATE FACILITIES 


INF: YOU CAN REPLACE obsolete, worn out, low capacity oil break- 
ers with modern Ruptair circuit breakers, These Vertical-lift 
Replacement Units are the logical way to get reliable protection with 
minimum expense, installation time and station modification. 

Utilities can increase station interrupting capacity, meet modern 
power distribution requirements with these new units. 

The Vertical-lift Raptazr circuit breaker is oilless, reduces fire hazard, 


requires little maintenance. Attached wheels make possible inspection i so 
and maintenance remote from the unit. C.) Side view of installation B. 
Unit is easily installed in existing concrete or masonry cells or in 
Open-type iron pipe framework, Comparative low height makes it ALLIS-CHALMERS, 931A SO. 70 ST. 
applicable to small existing structures, Vertical-lift design simplifies bit best MAb ; 
connection of bushings to existing bus or cable at minimum cost. iin pada indefinite VP LLL? 
Voltage ratings 2300 and 4160 volts, interrupting capacities 100, 
150, 250 mva, Current capacities 1200 and 2000 amperes, a-c or d-c Name 
solenoid operation, 
Call your A-C sales office or write direct for new Bulletin 18B7094. Title 
Ruptair is an Allis-Chalmers trademark. Company 
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Side view of one of AlSiMag’s tunnel kilns. All kilns, both cir- 
cular and tunnel, are handled from one centralized control panel. 


¢ Completely automatic controls hold firing tem- 
peratures within + 2° C. in AlSiMag’s kilns. As an 
extra safeguard, highly trained and skilled kiln 
operators are on duty every minute of the day 

and night. Recording instruments plus operator’s 
hourly checks and records assure that all AlSiMag 


material is accurately fired. 
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Can Engineers 


Be 


Synchronized? 


JAMES F. FAIRMAN 
PRESIDENT AIEE 


AN ENGINEERS be synchronized? Can they be 
persuaded to pull together, to co-operate, to pool their 
talents and resources in an orderly, organized effort to attain 
common objectives outside their several fields of specialized 
technology? In spite of appearances and experience to the 
contrary, many of us believe they can be so persuaded, and 
because we believe, we persist in our endeavor to find the 
right formula and to supply the requisite leadership. Those 
of us who participated in the discussions held at Section, 
District, and general meetings of the Institute some three 
years ago were tremendously encouraged by the interest 
and response of our own Institute members and by their 
evident willingness to relinquish some of the Institute’s 
autonomy for the sake of forming an over-all organization of 
the engineering profession. 


ACTION TAKEN 


The questionnaires returned at those discussion meetings 
were summarized and conclusions drawn by our Professional 
Activities Subcommittee in a 
report published in the May 
1947 issue of Electrical Engi- 
neering (pages 496-507). Since 
then, members have frequently 
asked what has been done 
about it. For the record, I 
answered that question at the 
Annual Meeting in Swamp- 
scott. The answer appears in profession. 
Electrical Engineering for Aug- 
ust 1949 (page 693). In brief, 
your Board of Directors re- ; 
ferred the report to Engineers Joint Council; that body 
appointed a Committee on Unity to consider our report and 
other suggestions; the Committee on Unity recommended 
that an invitation be issued to 15 of the larger, national 
engineering societies to appoint representatives to an ex- 
ploratory conference to be held in October; and the Council 
accepted this recommendation and issued the invitations. 


Essential substance of an address presented at the AIEE Pacific General Meeting, San 
Francisco, Calif., August 23-26, 1949. 

James F. Fairman is Vice-President, Consolidated Edison Company of New York, Inc., 
New York, N. Y. 
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In the May 1947 issue of Electrical Engineering 
the Subcommittee on Professional Activities of 
the AIEE Committee on Planning and Co- 
Ordination published a summary of a report on 
“Organization of the Engineering Profession.” 
The report indicated the great desire of AIEE 
members for greater unity of the engineering 
President Fairman here indicates 
how such professional unity can be achieved. 
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To bring the answer up to date, your Board of Directors 
accepted the invitation and appointed Mr. Titus G. LeClair 
to be our representative. As chairman of the Professional 
Activities Subcommittee when our study was made, Mr. 
LeClair has the complete background and an intense interest 
in the problem. He also possesses to an unusual degree the 
personal qualities necessary for this assignment. We are 
fortunate that he is available and willing to undertake it. 

It would be idle to speculate about the possible results of 
the exploratory conference. From a realistic but not at all 
pessimistic point of view, it is only another step on the road 
to better understanding among the several engineering socie- 
ties and among their members which we hope will lead to 
greater unity of the engineering profession. 

While pressing forward to that goal, we must not neglect 
the day to day problems which deserve our attention. We 
dare not let them wait on the perfection of an over-all or- 
ganization. We can and we must work together with our 
brethren in other engineering societies on our common 
problems. Through such day 
to day co-operation, we shall 
not only take better care of 
our immediate concerns but 
we shall hasten the day when 
we shall attain that more per- 
fect professional unity to which 
we aspire. Sometimes I won- 
der if we have put too much 
emphasis on the matter of 
organization on the assump- 
tion that if we could devise 
the right kind of organization 
all our problems would automatically be solved. Of course, 
this is not so. An organization is only a means to an end: 
an instrument or tool, by the use of which a group of people 
haying common interests hope more readily to attain their 
objectives. We should look upon our organizations as tools. 
We should use them to their full capacities and by using 
them determine their limitations as well as their merits. 
We should modify them to meet new situations and we 
should scrap them when they are obsolete or worn out. 
Perhaps the difficulty lies not so much with our organiza- 
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tions as with us. We seem to agree more fully on the 
problems to be solved than on the methods to be used in 
solving them. Our concern for the proper tools to be used 
may divert our attention from the job to be done and delay 
its execution. It may be that our societies become so 
identified with our sentiments and our prejudices that we 
are blind to their limitations and delay a much needed job 
of renovation or renewal. It may be that we are more 
concerned about who shall get the credit than we are 
about getting the job done. 

There is work to be done. Why not use the tools at hand 
to the best of our ability? Why wait for a more perfect 
instrument before tackling the job? Why not work to- 
gether, each using the means he prefers but being careful to 
use our skills and our chosen instruments in the common 
cause rather than to handicap or discredit the work of our 
brethren who happen to prefer different tools? 

It seems to me there are two types of organizational tools 
available and ready for use. I shall refer to them in the 
same order in which they were discussed in our subcom- 
mittee’s report. I refer to our old friends plans B and C, 


PLAN B 


Plan B called for the continuance of the present national 
engineering societies, such as the Institute, as autonomous 
organizations to cover their respective fields of engineering 
technology and for a separate, individual membership 
organization to take care of the nontechnological problems 
of the profession. There is an organization of this latter 
type, the National Society of Professional Engineers. Each 
of the component units of that organization, the local chap- 
ter, the state society, and the national society, is responsible 
Each is 
responsible to the individual member who has a direct voice 
in electing its officers and developing its policies. 


for the activities in its own geographical sphere. 


The state society is not primarily a federation of local 
chapters but rather an organization of all the individual 
members of all the separate chapters in a state and is de- 
signed to handle state-wide problems beyond the scope of 
an individual chapter. Similarly, the national society is 
not only a federation of state societies but an organization of 
individual engineers designed to serve the profession on 
national problems which transcend state boundaries. 


PLAN C 


Plan C is based on the local engineering or technical socie- 
ties council, of which an increasing number have been 
organized in recent years. A local council usually consists 
of representatives of the local units (chapters, sections, and 
so forth) of the several national engineering societies, to 
which may be added representatives of local engineering 
clubs and scientific or technical societies, either local or 
national in scope. A local council is not an organization of 
individual members but, as its name implies, a council of 
representatives from a number of completely autonomous 
societies. Its authority is limited to that specifically con- 
ferred upon it by the participating organizations. The 
individual members of the organizations represented on the 
council have no direct voice in its affairs. Its activities are 
necessarily local in scope, except as it may effect a working 
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arrangement with other local councils in a state or region. 

Ultimately these local councils may be grouped into state 
or regional councils and the state or regional councils into a 
national council. A national council, known as Engineers 
Joint Council, and consisting of representatives of five of the 
major national engineering societies including the Insti- 
tute, has been functioning for several years and would logi- 
cally be the nucleus around which plan C could develop. 

These two tools are intended to serve the same purpose. 
They are relatively new tools and we are inexperienced in 
their use. Both can be improved. One may prove to be 
better for our purpose than the other. But each of us 
should use one or both of them now to the best of his ability 
rather than debate about their relative merits. 


PLAN D 


The essence of the over-all organization as proposed by 
the Institute’s subcommittee in plan D is that it shall be 
of the individual membership type with the continuation of 
affiliated individual membership societies for specialized 
technical purposes only, the latter being the present national 
engineering societies which will continue to function in 
their respective technical fields and will have a voice in 
proportion to their membership in the affairs of the over- 
all organization. The individual members of the over-all 
organization may or may not be members of one or more of 
the affiliated technical societies and presumably an indi- 
vidual may be a member of one or more of the technical 
societies without being a member of the over-all organiza- 
tion. Members of the over-all organization will be members 
of the local and regional units of the over-all organization. 

It is worthy of note. that plan D combines the principal 
elements of plans B and C. Depending on one’s point of 
view, plan D may be said to be either plan B or plan C with 
certain more or less desirable additions. On the question- 
naire’ used by our committee at Section, District, and 
general meetings where the several plans were discussed, the 
most frequent comment was to the effect that plans B and C 
were only intermediate steps toward plan D. Some mem- 
bers favored plan B as an intermediate step, some favored 
plan C. A few suggested taking both steps in parallel to 
hasten the day when plan D might be made effective. 
Some were satisfied that plan B was all that was necessary, 
others were equally sure that plan C was the right answer 
but the larger number favored plan D as the ultimate solu- 
tion to the problem of professional organization. 


PATIENCE NEEDED 


Can engineers be synchronized? In spite of this apparent 
diversity of opinion among the members of the Institute, my 
answer is still—yes; but it will be a gradual process. The 
fact that we must synchronize not only the members of the 
Institute but the members of other engineering societies 
means that it will take time. It will require patience, per- 
sistence, study, and above all, courtesy and good will. 

We must exercise these qualities as individuals and as 
organizations. We must try to understand the other 
fellow’s point of view, we must be willing to give and take, 
we must desire professional unity enough to make the sacri- 
fices necessary to achieve it. 
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The Bell Computer, Model VI 


E.G. ANDREWS 


HE Bell Telephone 

Laboratories has placed 
in operation a new digital 
computer in its Murray 
Hikers {je *building a “It 
is called the Bell Compu- 
ter, Model VI* because it 
is the sixth type of the 
seven relay computers de- 
signed and built by the Bell 
Laboratories. It includes the 
desirable features of its predecessors as originally conceived 
and placed into practice by Dr. George R. Stibitz and Sam- 
uel B. Williams. It also includes innovations that past 
experience and recent Bell Laboratory developments have 
shown to be desirable. Physical aspects, arithmetical 
aspects, principal usage, and unique and novel control fea- 
tures of the computer will be discussed in this article, with 
particular attention being given to the last item. 


telligence levels.” 


PHYSICAL ASPECTS 


The Model VI computer consists of two principal parts: 
the remote control stations located in the quarters of the 
computing staffs, and the computing equipment located in 
another part of the building. A switchboard cable of the 
type used in telephone central offices is used to provide for 
the exchange of information between the two locations. 

Figure 1 shows a remote control station. The three 
pieces of apparatus shown are types which are used exten- 
sively in teletype printer telegraph systems, with minor 
changes to adapt them to computer operation. ‘The printer 
on the movable table records the answers to the problems; 
the hand perforator is used for perforating the data on the 
problem tapes; and the tape reader transmits the data for 
the problems to the computing equipment. 

There are provisions for three of these remote control 
stations, although only two have been provided initially and 
one of these is used jointly as a test station and control sta- 
tion. The usual lock-out feature is provided to insure that 
one station cannot interfere with another that already may 
be in operation. 

The computing-room contains 12 bays of equipment, con- 
sisting almost entirely of the heavy-duty-type relays used 
extensively in earlier computers and in telephone dial sys- 
tems central office equipment. The frames have light grey 
enamel finish and other characteristics which make them 
resemble equipment that is found in the modern telephone 


* Previous Bell computers have not carried model numbers, but numbers that are now 
assigned to them in retrospect are 


Model I. Complex Number Computer 

Model II. Relay Interpolator! 

Model III. Ballistic Computer at Fort Bliss, Tex.? 

Model IV. Ballistic Computer at Naval Research Laboratory 

Model V. General Purpose Computers at Langley Field and Aberdeen 4 
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Controlled from remote 
digital computer of the relay type reduces 
punched-tape instructions to a minimum. With 
novel control features similar to those used in 
recent automatic dial-telephone developments, 
this ‘‘upper-class” computer possesses six ‘‘in- 
Subordinate levels are ca- 
pable of solving problems such as complex- 
number multiplication without special guidance. 
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stations, this new office. There are about 4,300 
relays, 86 cold-cathode tubes, 
and relatively small amounts 
of other miscellaneous appara- 
tus used. As in the case of 
other Bell Telephone Labora- 
tories computers, an indica- 
tor panel with approximately 
600 small lamps is provided 
for showing the progress of 
various computing operations 
and for showing the numbers in various parts of the com- 
puter. It is illustrated in Figure 2. 


This panel also has provisions for inserting instructions 


into the computing program on a manual basis where 
necessary to make corrections in programming. ‘These 
facilities are used also for making tests under closely con- 
trolled conditions. 


ARITHMETICAL ASPECTS 


In any discussion about the arithmetical aspects of a 
computer, there usually are many questions about the de- 
tailed mechanization by which arithmetical operations are 
carried out. It is a phase of computer design and develop- 
ment which holds a maximum of fascination for the develop- 
ment engineer as well as for the interested scientist or mathe- 
matician. Therefore, even though there are no sensation- 
ally new arithmetical features in this computer, the changes 
do warrant mention. The range of numbers can be under- 
stood best by referring to Table I which compares number 
representations in the Model VI computer with those in the 


Table I. Comparison of Number Representations in Model VI 


and Model V Computers 


Item of Comparison Model VI Computer Model V Computer 


Felateerers 1525.3; 4; 5,,6, OF 7 


Number of digits for a number... .3, 6, or 10 
Form of number notation for z, 


as an example,,..............-+-3.14159 2654X10700....... +0.3141 5931001 
Maximum number*,............ 9.99999 9998X10719....... +0.9999 99810 +19 
Minimum number**,........... 2271) 0041 O10 aie cs as +0.1X10-19 


* The next higher number is the calculator’s concept of infinity. 


* The next lower number is the calculator’s concept of zero. However, smaller num- 
bers with the —19 exponent are possible with special problem coding. 


Model V computers installed at the Ballistic Research 
Laboratory at Aberdeen, Md., and at the Langley Field 
Laboratory of the National Advisory Committee on Aero- 
nautics. 

By allowing only 3-, 6-, and 10-digit numbers to be intro- 


Essentially full text of a conference paper recommended by the AIEE Computing 
Devices Committee and approved by the AIEE Technical Program Committee for 
presentation at the AIEE Summer General Meeting, Swampscott, Mass., June 20-24, 
1949. Not scheduled for publication in AIEE Transactions. 


E. G. Andrews is with the Bell Telephone Laboratories, New York, N. Y. 
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duced instead of any number of digits, some flexibility has 
been sacrificed in the Model VI, but it has been more than 
compensated for by the simplification in design detail. 
The new form of notation with the decimal point between 
the first and second digits has been introduced for two 
reasons: to simplify the isolation of the characteristic of 
logarithms, and to bring the notation into agreement with 


Figure 1. 


Remote control station equipment 


Left to right: Hand perforator, attendant seated at operating table, and printer 


that now commonly used in expressing values in scientific 
literature. Heretofore, operators of our earlier computers 
were obliged to write, for example, the temperature coeffici- 
ent of expansion of silver as 0.188 X10~‘ instead of the more 
usual 1.8810~*. This difference has been known to lead 
to confusion and errors in transcribing. 

It will be noted that the floating decimal point has been 
retained along with the power of 10 (exponent) range of 
+19 through to —19. 
metical operations, namely addition, subtraction, multi- 
plication, division, and square root. 


The calculator performs all arith- 


PRINCIPAL USAGE 


When first conceived, the principal use of the Model VI 
computer was intended to be for performing the mathemati- 
cal analysis of the characteristics of complicated networks 
of telephone and radio circuits, and for a relatively small 
amount of general purpose computing. Some types of net- 
work problems involved are computation of insertion char- 
acteristics of filters, equalizers, element deviation studies. 

It is now contemplated, however, that a considerable por- 
tion of the computing will be on problems involving matrix 
calculations, including integral equations and solutions of 
simultaneous equations. Numerous problems are contem- 
plated which require solution of differential equations, both 
ordinary and partial. Some table-making projects are de- 
sired, but they are likely to be deferred because of more 
urgent computations that will contribute more to the de- 


velopment projects immediately at hand. 


UNIQUE AND NOVEL CONTROL FEATURES 


The unique and novel control features introduced into 
this computer have been taken in part from recent develop- 
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ments in the automatic dial-telephone switching technique. 
But before enumerating these new features, it should be 
emphasized that the Model VI computer is as error proof as 
its immediate predecessors. Our engineers with justifiable 
pride still can say, “Starting with the Model III delivered 
to the Armed Forces in 1944, not one of our customers has 
reported their computers giving out a wrong answer as a 
result of a machine error.’ Also, before enumerating the 
new control features, reference will be made to Figure 3 
which shows the relationship between the routine control 
circuit and the other computer components. ‘They are 
fundamentally the same as for other Bell Telephone Labora- 
tories computers. To solve a problem, operators perforate 
the problem data and computing instructions on a teletype 
This is loaded into the tape reader at a remote con- 
trol station. Computing starts when the operator depresses 
a start key at this station. 

Initially the problem control circuit carries out certain 
conditioning operations as instructed on the tape, and then 
delegates control of computing operations to the central 
organ labelled ‘‘Routine Control.’ This component pro- 
ceeds to control operations for computing or printing of 
answers and so forth, as directed by instructions from the 


tape. 


tape. 

The instruction on the tape may be in either of two forms. 
One provides all of the detailed computing instructions, 
and the other merely indicates which of the several sets of 
internal instructions is to be used. The first form usually 
will be used for types of problems that are encountered infre- 
quently; the second, for types of problems that are expected 
to occur often. This will be discussed further in subsequent 


paragraphs. 
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Figure 2. Indicator and test pane 
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The routine control circuit, in accordance with the in- 
structions it receives, causes numbers to be passed from one 
register to another over the two 86-wire multiples or busses 
shown around the edge of Figure 3. When an arithmetical 
operation is required, the routine control designates the 
registers which hold the two numbers involved and directs 
‘he calculator to accept them and 


perform the desired arithmetical ; 
REMOTE 
operation on them. ‘The control CONTROL 
STATION A 


circuit then indicates what disposi- 
tion is to be made of the result in 
the calculator by designating the 
place to which it is to be trans- 
ferred, that is, some particular regis- 
So 


much for general operating prin- 


CONTROL 


ter, the printer, or perforator. 


ciples. 

One of the new features is a ‘‘sec- 
ond trial’? feature which is brought 
into operation automatically in al- 
most all cases when the routine con- 
trol circuit fails to receive the usual 
OF signal indicating 
execution of the instruction, or oper- 
ation, called for. Experience on 
previous computers showed that a 
sizable proportion of machine stop- 
pages resulting from relay contact 
failures clear themselves 
when the relay at fault operated again. It is expected, 
therefore, that this second-trial feature will make for longer 
periods of uninterrupted computer operation. 

Another feature is the provision of two independently- 
controlled storage tapes. Special features are provided for 
simplifying the programming that normally would be re- 
quired for handling problems involving simultaneous equa- 
tions and certain kinds of vector and matrix multiplication 
problems. 

Another new feature has been provided for the purpose of 
reducing programming time for those problems which in- 
volve numerous small and frequently used computing sub- 
cycles, as mentioned previously. These include finding the 
trigonometric function of an angle, obtaining the logarithm 
of a number, performing complex-number arithmetic 
problems, computations of the impedance and admittance 
for the various configurations of inductance, resistance, and 
capacitance, and so forth. 

The practical and economical method of coping with 
this situation was to provide for built-in routines which 
could be called for in the programming at any time by 
some simple identification. 

The device used for this purpose is a combination relay 
and electronic device which is used in the Automatic Mes- 
sage Accounting System in a modern telephone office. As 
used in telephone switching it consists of a large group of 
code points, each one corresponding to the location of the 
call-originating equipment of a subscriber. A signal on 
one of these code points denoting the origination of a call 
causes the circuit to ascertain and to record the subscriber’s 
4-digit directory number. 
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As used in the computer, the code points correspond to 
the computing operations in a subroutine. 
of these code points causes the computer routine control cir- 
cuit to set into operation the desired computer operation. 
A subroutine will use a train of from 6 to 20 of these code 
points in succession. 


A signal on one 


Facilities are provided for 200 such 
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Block diagram of Model VI computer components 


subroutines, each being identified by the letter A, B, C, or D 
followed by a 2-digit number. 

The operation will be explained by an example which 
assumes that computations have reached the stage where the 
product of two complex numbers is required. Table II 
shows the formula used and the coding of the individual 
Figure 4 shows how the operations 
It shows that there is an 
extremely close resemblance between the coding as it is 


computer operations. 
are made a part of the computer. 


written on paper and as it is memorized by the computer. 


Table II. Coding of Subroutine for Complex-Number Multiplica- 
tion 
(A+jB)(C+jD) =(AC— BD) +j(AD+ BC) 
Instruction 
Operation 

Number Code Explanation of Code 

Li feeareceetets Te PG ATOR Aan ea Multiply B by D and store in E£ storage register 

Pe ich aay’: 0a SR eine tcc Multiply 4 by C and hold result in calculator 

Siva rises eat Dy lg .. Subtract BD from AC to obtain real part of product and 

print result 
pee Se AXDE ..Multiply A by D and store in E register 


Sart pee ehe BG Secces ; ..Multiply B by C and hold result in calculator 
.Add AD and BC to obtain imaginary part of product 
and print result 


The operation numbers / to 6 correspond exactly with code 
points 7 to 6. The letter designations correspond exactly 
with the coil designations. The letters which form a par- 
ticular computing operation are associated together on the 
left by writing them together on one line, and on the right 
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by running a single insulated cross-connection wire through 
coils having the same letter designations. ‘This train of six 
operations would be identified by a subroutine number, 
such as D36, not shown in Figure 5. In practice these sub- 
routine numbers are being called formula numbers. The 
D36 subroutine would be called into the computing program 
with the order (operation code), 7D36, which might be an 
order in some other subroutine, such as C72. In sucha case, 
the computer control digresses in carrying out instructions 
called for by C72 to allow D36 to carry out its operations. 
Upon completion of the D36 operations, control would re- 
turn to subroutine C72. 

When the 200 subroutines are employed fully, there will 
be over 2,000 insulated wires criss-crossed through the 
coils. ‘These wires are not, however, part of the design of 
the computer, but are placed in position by those responsible 
for operating the machine, in accordance with the type of 
computing work in which they are engaged. ‘The actual 
physical operations of placing a wire can be performed 
readily in one or two minutes by the same personnel that 
operates the machine. No soldering of the wires is required. 
When a particular subroutine is no longer needed, the 
associated wires can be removed readily. ‘The time re- 
quired to set up a new subroutine, therefore, compares 
favorably with the time of setting up the same instruction on 
tapes. 

Figure 5 shows several of the coils with their associated 
cold-cathode tubes. Figure 6 diagrams the coil and tube- 
firing circuit. 

A computer operation is initiated by causing a transient 
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Figure 4. Wiring for subroutine for complex-number multi- 


plication 


discharge from a_ resistance-capacitance-inductance net- 
work to be sent through the cross-connection wire. The 
system, consisting of the wire and the coil, behaves like a 
transformer with the wire acting as a loosely coupled 1-turn 
primary winding and the coil acting as the secondary. The 
transient through the primary induces enough voltage into 
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Figure 5. Mounting of coils with their associated cold-cathode 


tubes 


the secondary to cause ionization between the control anode 
and the cathode of the type 373 cold-cathode tube. As soon 
as complete ionization takes place, a relay in the main 
anode circuit operates and disconnects it-elf from the tube, 
thereby allowing it to deionize. In this operation the tube 
is conducting for less than 0.01 second and is operating at 
conservative voltage limits. A very long tube life can be 
expected. 

The principal advantage to be derived from these internal 
routines is one of simplification of the programming. It 
provides bigger building blocks with which to build the com- 
plete program for solving a problem. At the same time the 
arrangement provides for faster operation through the use of 
electronics, permanent memory of the instructions, and much 
lower cost then would be entailed by attempting to use 
punched tape controls. 

These larger building blocks presented a kind of a chal- 
lenge to make the most efficient use of them. Indiscrim- 
inate use would make for chaos. An efficiency expert 
would systematize the situation by grouping together the 
subroutines which could be made complete in themselves 
and by grouping others so that they would have supervision 
over the first group. This is regimentation, but in a 
machine it is both acceptable and desirable. In fact, this 
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regimentation is closely analogous to that which might exist 
in the most strict military school, where an upper classman 
would look with disdain upon any task (or computing opera- 
tion) which a lower classman could perform. Conse- 
quently, the upper classmen would be assigned to perform 
the more complicated tasks according to their own skill and 
would be given authority to delegate lower classmen to do 
their more menial chores. 

To continue the analogy, the Model VI computer has 
four levels of computing skill for making use of the internal 
subroutines already noted. They can be programmed to 
call in subroutines of a lower level and to regain control 
when the subordinate routine completes its task. The term 
“intelligence level” accurately describes the nature of these 
levels. (It is believed this term was originated by Dr. 
George R. Stibitz.)® 

Figure 7 shows how this system operates in solving a 
rather complicated problem. One of the objectives of this 
problem is to determine the frequency response of the net- 
work. Mathematical analysis, therefore, is used in lieu of 
laboratory tests. 

The top level of the flow chart in Figure 7 is designated 
PT, denoting ‘‘Problem Tape.”’ While this tape is used pri- 
marily for the introduction of the parameters of the prob- 
lem, it may contain as much detail in computing instruc- 
tions as required. In the case of the problem being de- 
scribed, less than one inch of tape is required for the com- 
puting instructions, because the Model VI computer is 
assumed to have been taught already how to solve the lad- 
der-network problem. The problem tape then simply 
specifies that subroutine A/2 be used. The tape thereby 
constitutes another intelligence level, higher than the four 
previously discussed. 

In the interest of eliminating unnecessary detail, all of 
the changes in level are not shown in Figure 7, but there is 
still sufficient detail to show the principle of operation. By 
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Figure 6. Schematic of coil and tube-firing circuit 


this systematic arrangement of internal routines, the labor 
involved in preparing the necessary problem data is near the 
irreducible minimum. The complete information for the 
ladder-network problem would be perforated out on a 
problem tape in accordance with the sequence shown in 


Table III. 
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Table III. Complete Data on Problem Tape for Network Problem 
of Figure 7 


Item Data on 


Number Problem Tape Explanation of Data 


UR. eeaearets Block 000....... The designated location on the tape for the basic formula 
(or subroutine) 


Direras «ters A ZT eace Subroutine number for ladder network problem 
arate. 1 BLOCK AOU ara The designated location on the tape for /i 

EAA oe fi 

Biniesi iets DLOCK 110i .. The designated location on the tape for /2 

Ow aotnia fe 

UE op aae Block 102.......The designated location on the tape for fa 

Cisse ENC . .Asymbol (end of numbers check) denoting that no more 


frequencies are required for this problem 
ie GAGES Block’2007eaa-- The designated location on the tape for the parameters 
of the network 


Des on ono eZ) -+.+.+.+.-Subroutine number for solving impedance 24 
bE Gan necc Ri Ro Rs .......The values for the nine elements of impedance 2; 
C1 C2 Cs 
Ii le Ls 
eo Soe G37. -. .... Subroutine number for solving impedance <3 
Ie aco srets RG Ga ncaa The values for the three elements of impedance Zs 
1A Neyermteleye C47 .......-Subroutine number for solving for impedance Z2 
RD) cretetmels TMOG WBE Sonor The values for the three elements of impedance Z» 
Givers erctarors (GEC Ne Vos ere Subroutine number for solving the impedance 21 
LT einige RiCi li .......The values for the three elements of impedance 21 
DS anit CeNGs © ld crextea biod A symbol (end of number check) denoting that there 


are no more parameters in this problem 


The solution of the network is carried out in the following 
principal steps: 

The A/72 routine assumes control at the start of the prob- 
lem. It provides for organizing and setting up the initial 
conditions for computing the impedances for the various 
values of frequency f. It then delegates control to subrou- 
tine B24. 

B24 controls the computation of the impedance of the 
various branches of the network. It also arranges to have 
the impedances recorded in block 400 on the storage tape 
for subsequent use by subroutine B35. After these prepara- 
tions, B24 will instruct the computer to use item 10 on the 
tape, that is, C29, as the subroutine number to use in com- 
puting the impedance of the first branch. 

C29 provides for reading off the parameters, item 11, 
which follow and for combining the impedances for the 
individual elements, making use of D-level subroutine for 
the complex number arithmetic when required. The last 
instruction in C29 is to instruct the computer to use the next 
number on the tape, item 12, as the next subroutine to 
use. Additional subroutines are employed as required. 
After computing the last impedance with values given in 
item 17, the computer is instructed to use the next number 
on the tape as a subroutine number. However, since item 
18 is not a number but an ENC symbol denoting that there 
are no more parameters in this problem, control is restored 
to subroutine B24. 

On regaining control, B24 will instruct the computer to 
return to block 707, item 5, on the tape to obtain the next 
value of frequency. B24 then arranges to have the imped- 
ances for the next value of frequency recorded in block 407 
and then, using this new frequency value, repeats all of the 
operations just described. After completing the comput- 
ing with the last value of frequency, B24 will instruct the 
computer to return to block 702, item 7, for another value of 
frequency. However, since item 8 is not a number but an 
ENC symbol denoting that there are no more frequencies 
in this problem, control is restored to A72. 

A72, on regaining control, will organize the computing 


Takes 


of the complex values of voltage and current which the 
generator must supply. It then calls in B35 to control these 
calculations. 

B35 obtains access to block 400 which has all of the imped- 
ances for the first frequency value. It will call in C-level 
subroutines as required to carry out the computations and 
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Time flow chart 
intelligence levels to solve a ladder-network problem (above) 


Figure 7. (below) showing use of four 


for printing the required data. 835 will repeat for block 
401, 402, and so forth, and will return control to A72 after 
using the data in the last block in the 400 series. 

A72, on regaining control, will provide for obtaining any 
additional information that may be required. 

The preceding explanation pertains to a case where it is 
assumed that the problem data consist of 32 items of infor- 
mation, as summarized in Table IV. 


Table IV. Summary of Information for Network Problem of 
Figure 7 


Number of Characters Perforated 


Number on Tape 
of Items Nature of Items Symbols Data Total 
Didacer elarevee case Prequencywalues:s Gasuisetoianie sities cece iets e remietteroets 22 
LS eeeeeats. Problent parameters s-s.n ae ae rete a ee OL LO eerie 210 
bese oaooenen Formula numbers... aiscietieiie. crue onion ere ft O}vaianenta cle alia 40 
SW oasodansee Block numbers)... saisres sree = B'S lite rokekatcter steveiey neki rates ee Sage 35 
3 Hasce ete sees Start and end symbols......... Ds oh Pegetena gh Mote ARIE 3 
33 eee Total Paice eee eee, 56 ieee cs oT oie cae ae 310 
12 88 100 
per cent per cent per cent 


The first 25 of the 33 items in Table IV are associated 
intimately with the problem being solved. The last eight 
items are repeated for each problem. Thus, as stated 
earlier, it is believed that the labor involved in preparing 
the necessary problem data is near the irreducible mini- 
mum. Furthermore, the problem as described with 33 
items is near the minimum in size. Ladder-network prob- 
lems with 200 or more items of data are visualized. Sub- 
routine A/2 would handle them all, regardless of the num- 
ber, size, or complexity. 

From the foregoing more or less detailed explanations, it 
will be noted that the individual computing operations 
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specified by a subroutine consist mostly of a collection of 
calculator and recording instructions. It then follows that 
the calculator instructions themselves comprise an intelli- 
gence level below all of the others. Instead of being identi- 
fied and called for by a subroutine number, the usual sym- 
bols +, —, X, +, and ./ areemployed. As in the other 
intelligence levels, the calculator returns control to the 
higher level which called it in as soon as the prescribed 
arithmetical operation is completed. 

The Model VI computer, then, has at least six intelligence 
levels shown in descending order of authority or control in 


Table V. 


Table V. List of Intelligence Levels 


Name Designation or Symbol 


1; Problemtape instructions. sn er eee eee SW R (switch to routine) 
2. 4 Subroutines: 4.6655, 60s sb ie tie vo ee neers ee ane sO TOrE 

3. B Subroutines... . .B24, and so forth 
4 
5 


C Subroutines.... 6 END, es ts 
D Subroutines . .. .D59, and so forth 
ota ost a Ne 


6. -Caleulator instructions’ .ac.es cele esi csr eeieet eecnes 


The Model VI computer will perform a series of computer 
operations involving almost any combination of the six 
levels by merely designating the 3-element code or the sym- 
bol of the kind shown in the last column of Table V. The 
code or symbol designated always will be one in the highest 
level used in solving the problem. 

Further study reveals the fact that the 3-element code is 
so closely analogous to a symbol in this computer that it is 
proper to say that the Model VI computer responds to its 
own idea of a symbol for determining the logarithm of a 
number, a symbol for determining the tangent of an angle, 
and so forth. 

The Model VI computer, therefore, represents a definite 
advance in computer design, because it is made to under- 
stand some of the symbolic language of mathematics and 
does not require that computing instructions be given in 
terms of minute details. 

In concluding, reference is made to a pertinent remark 
made by one of the Bell Telephone Laboratories scientists 
several years ago, to the effect that large-scale computers 
are like very accurate but very dumb computresses because 
they require their supervisor to give them a computing pro- 
gram complete in every detail for each new assignment. 
But now with the Bell computer, Model VI, the large-scale 
computer has become an upper classman. It can be 
taught how to solve a problem. It can retain this know- 
how for use whenever called upon to solve this problem in 
the future. 
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Armature Iron Losses in Series Motors 


SHELDON S. L. CHANG 


STUDENT MEMBER AIEE 


N AN A-C series motor, the flux pulsation in the field is 
predominantly at line frequency. The field iron loss 
can be computedeasily and represented by a loss com- 
ponent in the magnetizing current. However, due to the 
rotation of the armature, the gap flux is rotating relative to 
the armature, as well as pulsating. The armature iron loss 
depends on both the line frequency and the speed. Part of 
the iron loss is supplied electrically by a loss component in 
the magnetizing current, while the remaining part is sup- 
plied mechanically as a load on the shaft. The accurate 
calculation of motor performance is dependent upon the 
correct determination and also the correct allocation of 
these losses. 


MEASUREMENT OF LOSS 


Actual measurements on one-third-horsepower motor 
show that the armature iron loss supplied electrically is 
independent of speed except near synchronous speed. If 
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the iron loss is plotted against speed, the values drop quite 
suddenly at synchronous speed, as shown by the diagram 
of Figure 1. 

The mechanical load caused by armature iron loss can be 
separated from friction and windage losses. It increases 
gradually for speeds below and above synchronous speed. 
At synchronous speed the armature iron loss supplied 
*mechanically increases sharply as shown in Figure 2. The 
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increase in mechanically supplied iron loss just about com- 
pensates the decrease in electrically supplied iron loss. The 
total armature iron loss shows a gradual increase without 
discontinuity. 

The foregoing phenomena can be satisfactorily explained 
quantitatively by the double revolving field theory. The 
gap flux is decomposed into two rotating flux systems. 
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The effects of these systems are assumed to be independent 
of each other. ; 

The result of this analysis is as illustrated in the follow- 
ing: 
1. At speeds below synchronous, the armature hysteresis loss is 
independent of speed and is supplied by the field. Above synchronous 
speed, the armature hysteresis loss is proportional to the speed and is 
supplied mechanically as a shaft load. The switching from electrical 
loss to mechanical loss at synchronous speed causes the observed 
discontinuity. 


2. The armature eddy current loss increases with speed. At any 
speed, the field supplies the constant 60-cycle eddy current loss, 
while the rest is supplied mechanically. Both test results and calcu- 
lations show that the mechanical load caused by armature iron loss 
It amounts to about 15 per cent of 
This per- 


is a very considerable factor. 
the full load torque for a one-third-horsepower motor. 
centage is higher for smaller motors. 


PRINCIPLE OF SUPERPOSITION 


In relation to the art of electrical engineering in general, 
the foregoing facts furnish another example of the principle 
of superposition. The assumption of two separate flux 
systems is not strictly correct as the hysteresis effect cannot 
be described by a system of linear equations. Consequently 
the experimental results disagree with the theory in that the 
theory predicts a sudden change at synchronous speed, 
while the actual change really takes place in a range of 
a few hundred revolutions per minute about synchronous 
speed. 
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Lightning Investigation on a Rural System 
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HE General Electric Company and the Central Elec- 
tric Cooperative, Inc., at Parkers Landing, Pa., con- 
ducted an investigation on 7,200-volt multigrounded rural 
systems during the period from 1944 through 1947. All 
lightning measurements were made on one extensive feeder 
with approximately 465 miles of line and 1,350 distribution 
transformers protected by expulsion arresters. 
Surge-current polarity and magnitude were measured 
with magnetic links having a measurable range of 100 to 
30,000 amperes. Long-duration lightning surges were 
measured by automatic cathode-ray oscillographs having an 


initiation time of 20 to 50 microseconds. ‘These instru- 
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ments were designed to record times accurately within 0.5 
millisecond. Sixty-cycle fault currents, arrester follow cur- 
rents, load inrush, and magnetizing currents were measured 
by automatic magnetic oscillographs. Power currents in 
excess of a predetermined value through any one of the 
phase conductors or system neutral automatically initiated 
the magnetic oscillographs within one-half cycle. 

In a representative 8.5-mile section of line, a study was 
made in which magnetic links were installed on every con- 
ductor connected to each of the transformers (see Figure 1) 
and pole ground wires at adjacent poles. Cathode-ray 
oscillographs were installed at several of the transformers in 
this section. In 88 transformer-years, a total of 120 light- 
ning surges reached the transformers, resulting in 86 ar- 
rester discharges. One-third of the surges arrived at the 
distribution transformers by the secondary or pole ground 
wires; about two-thirds reached the system phase and 
neutral conductors from the secondary and pole ground 
wires. 

The most severe lightning surge of the 17 recorded by 
automatic cathode-ray oscillographs was obtained when 
lightning struck a church steeple and entered the system by 
way of the secondary conductors. ‘The surge distribution is 
shown by the magnetic-link records, and the arrows show 
the direction of negative current flow, Figure 1. The auto- 
matic cathode-ray oscillograph at this location was con- 
nected to record both the primary transformer and arrester 
No surge was recorded in the transformer pri- 
mary. ‘The oscillogram of the arrester discharge, Figure 
2, shows a current peak of 3,500 amperes that decayed to 
virtual zero in 3,000 microseconds. ‘This was followed by 
six separate long-duration discharges of 90 amperes or less 
that ceased after 0.55 second. 

A representative group of expulsion arresters equipped 
with magnetic links was selected for inspection after each 
lightning storm to minimize superposition of records. Data 
from 293 arrester-years’ experience at these locations indicate 
lightning surges often caused simultaneous discharges of 
arresters at adjacent locations. One severe surge dis- 
charged all 13 arresters on three miles of line. Arrester 
discharge rates vary greatly with the locality. Magnetic 
links show that 40 per cent of the arresters discharged once 
per year, 19 per cent twice per year, 6.5 per cent three times. 
per year, and 2.7 per cent four or more times per year. The 
arresters average 1.1 discharges per year. On a yearly 
basis, 0.36 per cent of all arresters on this feeder discharged 
currents exceeding 30,000 amperes, 50 per cent at least 200 
amperes, and 67 per cent at least 100 amperes. 


currents. 
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NE SOMETIMES HEARS the statement that the 
electric machinery field is so well established that 
relatively few opportunities exist for further investigations 
and developments. Nothing could be further from the 
truth. In the electric motor business alone, many problems 
appear which are not solved rigorously but are by-passed by 
estimates based on experienced judgment; or they are 
solved by empirical data in use in design offices, but not 
generally available in the literature. In either case, further 
study is justified. 

Under pressure of business, many of these problems re- 
main partially or completely 
unsolved. In the meantime, 
staff members in our engineer- 
ing colleges may be seeking 
subjects for suitable masters’ 
and doctors’ theses. A list of 
such problems is given here, 
It is hoped that the possibility 
of the solutions to these prob- 
lems proving useful will not count too heavily against 
them. ‘These investigations may require anywhere from 
100 hours to 100,000 hours. 

Before going into detail on such problems, the writers 
would like to point out an entire field which remains largely 
unexplored. Many of the data available on machinery 
That is, a machine is presumed to be fixed 
and the problem is: To determine the parameters by either 
test or design data, and to use the parameters to obtain the 
performance by graphical or calculated means. To repeat, 
this is analysis. 

Distinct from such problems are those of synthesis. In 
such cases, the desired performance is known, and the prob- 
lem is to determine certain attributes of either the electric or 
magnetic circuit required to yield the performance. Direct 
methods of electrical design involve true synthesis. 

With comparatively few exceptions!‘ this whole field is 
largely unexplored. Although synthesis is most useful in a 
design office, it is not at all necessary for one to be an elec- 
trical designer to make contributions to this field. Develop- 
ments of this sort involve expansions and transformations of 
existing analyses, while notalways requiring design judgment. 

Opportunities and problems in motor synthesis are too 


involve analysis. 
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Wagner Electric Corporation, St. Louis, Mo. 
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The chief engineers of four motor manufac- 
turers point out problems which are largely 
unsolved, or might justify further investigations. 
They are suggested as postgraduate theses 
for students interested in electric machines. 
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many to be listed in detail. Some of them are pointed out 
in the following, along with the suggested analyses. 


POLYPHASE MOTORS 


Two-Speed Winding Constants. Many 2-speed polyphase 
induction motors are built in which the second speed is ob- 
tained through reconnection of the same stator coils for twice 
the number of poles. ‘This is the so-called consequent pole 
winding. What are the correct values of leakage * and mag- 
netizing reactances for both connections? How do the no- 
load currents and core losses vary with reconnection? 
There is some evidence that 
standard methods of calcula- 
tion, adjusted for these condi- 
tions, are not rigorous enough 
to be completely trustworthy. 
Various methods are in com- 
mon use for determining the 
equivalent heating effect of 
periodic loads. Why not ob- 
tain experimental verification of the temperature rise on 
polyphase motors when operating on special duty cycles, 
including frequent starting, stopping, plugging, and rever- 
sing?>-12 

Material can be found in textbooks concerning the use of 
polyphase induction motors as asynchronous generators. 
Yet when one occasionally uses such a machine as a Cali- 
brated load in laboratory tests, there are some doubts as to 
the nature of the losses and the supply for the core loss. _ Is 
the surface loss supplied by the same source as the rest of the 
iron loss? Investigation of the wound-rotor induction motor 
as an asynchronous generator, and as a frequency changer, 
should prove useful also; the separation of core losses and 
the supply for the components of core losses seems to be in 
some doubt for the latter machine. 

The predetermination of temperature rise in motors is a 
difficult or almost impossible task. However, the correla- 
tion between hot-spot temperature rise, rise by thermocouple, 
and rise by resistance as determined experimentally is still a 
problem which could stand further investigation. ‘This 
could cover nonventilated and single-end and double-end 
ventilated machines. !*~!8 

Breakdown torque, locked kilovolt-amperes per horse- 
power, and the slip of polyphase motors are all interrelated 
through the same group of parameters. Curve sheets show- 


* See series of papers on leakage reactance presented at AIEE Middle Eastern District 
Meeting, Dayton, Ohio, September 23-25, 1947, and listed on meeting program, 
(ELE, Sept 47, page 929). 
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ing the relationship are comparatively simple if the approxi- 
mate circuit is used. But what are the more exact relation- 
ships and what about the effect of saturation on the locked 
kilovolt-amperes? A series of charts for such analyses might 
be useful. 

Can any quick method be developed for determining the 
effect of unbalanced voltages on the performance of poly- 
phase induction motors? 


SINGLE-PHASE MOTORS 


Leakage Reactance. (a). Assume a stator winding is built 
in a field with exceptionally wide teeth. The leakage react- 
ance can be calculated in the usual manner.* (6). As- 
sume now that an equal member of stator slots is provided 
between eachexisting slot in (a). These contain no winding. 
Will the leakage reactance be different in (a) and (6)? 

(c). Presume now that a start winding (say for split 
phase) is added only in the intermediate slots of (b). When 
this winding is excited during the starting period will it 
Through 
If so, it implies that the main 


modify the reactance of the initial main winding? 
affecting the zigzag flux? 
winding leakage reactance is different when the start wind- 
ing is active, from that used for running performance. 
What are the two values under these circumstances? 


Concentrated Windings. Methods of calculating the leak- 
age and magnetizing reactances of distributed-type concen- 
tric windings are available.'* However, if the main and 
start windings each reduce to one concentrated coil per 
pole, the calculations do not seem to be rigorously accurate. 
What is a good system for calculating these reactances under 
such conditions? Are the discrepancies in performance due 
to the “‘block’’-shaped air-gap flux, and resulting harmonic 
reactions? 

Suppose now instead of a separate coil for each pole on 
the main winding, one coil is looped half way around each 
pole, forming a skein winding. ‘That is, one continuous 
coil supplies all of the main and a similarly shaped coil 
supplies all of the start winding. How are the winding 
parameters calculated? How can one predict the reduced 
torques and horsepower ratings resulting from these wind- 
ings as compared to normally distributed types? 


Comparisons. The following comparisons are for single 
and polyphase motors. 

1. Asingle-phase motor is built in exactly the same stator 
and rotor laminations and with the same stack and rotor 
cage as a polyphase motor. Suppose each is designed with 
the same flux per pole. What are the relative values of 
maximum torque obtained from each? (Some assumptions 
must be made concerning relative conductor length and 
winding factors.) On the basis of these maximum torques, 
what relative horsepower ratings should be assigned to 
each? ss 

Because of the increased magnetizing currents of single- 
phase motors, the circular mils per ampere of the two will 
differ. On the basis of equal copper loading in both, what 
full-load horsepower ratings should be assigned to each? 

2. Suppose the foregoing single-phase motors were built 
as Ccapacitor-start induction-run types. Does good design 


* See footnote, page 759. 
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result from the use of the same rotor resistances in both 
cases? If not, what should be the relative resistances of 
squirrel cages for single and polyphase motors built in the 
same laminations and stacks? 

3. It seems to be accepted as more or less axiomatic 
that double-layer lap windings are best for polyphase and 
concentric type are best for single-phase motors. For 
single-phase motors what are the relative merits of concen- 
tric and lap windings? This could be investigated on the 
bases of relative winding parameters, copper weights, and 
resulting performance. 


SPECIAL TYPES OF SINGLE-PHASE MOTORS 


Capacitor Start. The application of electrolytic capacitors 
to motor starting duty involves the voltage drop across the 
capacitor. Starting performance of such motors is subject 
to analysis and synthesis.2° The torques and currents dur- 
ing the acceleration of such a motor normally are not cal- 
culated because of the tedious operations involved. But at 
some value of speed, (say two-thirds of synchronous) just 
before the centrifugal switch opens, is the voltage across the 
capacitor higher or lower than at starting? Can any rule 
governing the combinations or ratios of all the winding pa- 
rameters be worked out so that by a simple check it is possi- 
ble to determine the relative value of the voltage drop across 
the capacitor at two-thirds of synchronous speed? (Excessive 
voltage drop at these speeds may reduce capacitor life.) 

Is it possible to calculate a combination of “‘critical”’ 
motor winding parameters, below which the accelerating 
torque of such a motor at two-thirds speed is less than the 
starting value? Or conversely, if the combination of pa- 
rameters is above the “‘critical,’”’ is the accelerating torque 
always sure to be higher than the stalled torque? 


Accelerating Torque—Split-Phase Motors. The torque of a 
resistance split-phase motor at any speed can be calculated, 
but the method is tedious. Is it possible to set up simple 
equations or curves involving all of the winding parameters 
which show whether the torque at two-thirds synchronous 
speed is higher or lower than the starting torque? 


Repulsion Induction Motors. Calculations for the perform- 
ance of single-phase repulsion induction motors take into 
account the brush shift. Why not an experimental verifica- 
tion of the performance with various shifts? What about 
the effect of brush and commutator bar width on the 
apparent shift??! 


The Shaded-Pole Motor. ‘This is in a class by itself. While 
millions of them are produced each year in hundreds of 
different designs, its habits are less understood than those 
of the dodo bird. 

Pioneering work on analyses has been done by one?®?8 of 
our writers, but much remains to be done. The machine 
parameters are not subject to rigorous calculation in an 
entirely satisfactory manner. Losses cannot be calculated 
with assurance. Designs are made by extensive experi- 
mental work, varying pole shapes, degrees of shading, sizes 
of shading coils, air-gap lengths, and rotor resistances. 
Weights, shapes, and locations of magnetic wedges intro- 
duce additional diabolical factors. Direct design syntheses 
are totally lacking. 
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So many combinations of factors are possible with all of 
the variables to adjust, that investigations are very com- 
plicated. Are there various new equivalent circuits pos- 
sible for the shaded-pole motor, and if so, should they be 
doubly fed? Can any analyses hope to be accurate without 
considering several harmonics in the air gap flux? 

The entire field is wide open for research. 


LOW-VOLTAGE SUPPLY TAP 


Many motors, both fractional-horsepower and integral- 
horsepower, are made with a winding which gives a low out- 
put voltage for a small amount of electric power to operate a 
relay switch or lamp. This is sometimes simply a pair of 
taps from the main motor winding and sometimes a separate 
winding. 

At first thought it appears to be a simple transformer or 
autotransformer problem to determine the output voltage 
and regulation. However, the actual cases are far from 
simple. The voltage and regulation are affected by the size 
of the motor compared to the tap load; whether the motor 
is split-phase, polyphase, capacitor, or repulsion; the volt- 
age of the motor; and many other conditions such as exact 
location of taps, size of air gap, eccentricity of air gap, and 
many unknown factors. 

The designer would like to be able to predict accurately 
the open circuit and load voltages and would like to know 
all the factors affecting them. 


UNEXCITED SYNCHRONOUS MOTOR 


Reluctance Types—Torques. The reluctance-type 
chronous motor was analyzed in part by Ball?! using a 
method based on energy stored in a magnetic field. Re- 
sults cannot be verified consistently by test. The 2-reaction 
theory with excitation reduced to zero? represents an analy- 
sis with considerable promise. 

Methods of predicting pull-out torque and running per- 
formance of reluctance-type synchronous motors would be 
very useful and could stand further investigations. In 
addition, the whole question of synthests on such motors re- 
mains totally unexplored. Given a fixed magnetic circuit, 
how many stator conductors are needed to produce a de- 
sired pull-out torque? This would be the approach for 
synthesis. Suppose the field is excited by polyphase, by 
plain single-phase action, or by permanent split capacitor 
windings? Synthesis for the first case is not too difficult. 
The other cases are probably very complicated. 

For loads of high inertia, the size of a reluctance-type 
synchronous motor frequently is fixed by the pull-in rather 
than the running torque. How can the synchronizing or 
pull-in torque of all of the foregoing types of synchronous 
motors be calculated for a given load inertia? For the con- 
ventional, excited case, the differential equations governing 
these conditions have been set up on the differentialanalyzer. 
Perhaps a similar investigation could be made with the 
unexcited motors. 


syn- 


Hysteresis Type—Synchronous Motors. With few excep- 
tions?*27 little can be found in the literature on these motors. 
They are being produced. Analyses pertaining to every 
item of performance would be useful. The metallurgy of 
the rotor material is vitally important. 
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Direct design methods are totally lacking. A few empiri- 
cal rules and extensive experimental work are the present 
means for making new designs and ratings. 


D-C MOTORS 


Contrary to the general understanding of many, d-c 
motors are not declining in importance or usefulness. The 
usefulness of the d-c motor as a means of securing adjust- 
able speed and the value of adjustable speed to industry 
account largely for the continued popularity of d-c motors. 

In this connection, d-c motors are being used with grid- 
controlled rectifiers supplying unidirectional current from 
a-c circuits. Depending upon the number of phases used in 
the rectifier conversion, the instantaneous voltage applied to 
the motor terminals varies over wide extremes. The result- 
ing motor performance and characteristics are substantially 
different than when supplied from true d-c sources. 
losses, copper losses, and stray losses may differ radically 
from those present under the equivalent condition with a 
d-c source, 

Analysis of the flux conditions and the current loading of 
conductors of a d-c motor operating from single- and mul- 
tiple-phase rectifier sources is deserving of attention. 


Iron 


UNIVERSAL OR SERIES MOTORS 


Millions of universal motors (or motor parts) are built for 
the domestic, commercial, and portable tool fields. Is there 
no way in which rigorous analyses of their operation can 
be made so that tests and calculations agree? Or, if this 
step can be accomplished, how about a direct design method 
whereby required performance can be met? Or, as just a 
part of the problem, how can one calculate the magnetiza- 
tion curve for such a motor which actually will agree with 
the apparent magnetization curve shown by performance? 
How does the effect of commutation interfere with perform- 
ance, and how can it be calculated? ‘The literature on 
these subjects is very inadequate. 
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Electrical Essays 


Magnetic Control of Mutual 
Induction 


Electrical engineers at the company where I work tell 
me that one coil acts inductively on another if some of the 
magnetic lines which link the first coil also link the second 
coil, and they tell me that if there are no magnetic lines 
which link both coils, then there cannot be any mutual 
induction between the coils. 

In Figure 1 then, a coil, A, carrying current and pro- 
ducing magnetic lines will act inductively on a coil in 
position B, but not on a coil in position C, 

Now I have found a way of sweeping away these mag- 
netic lines coming from A so that they will not even come 
near coils B or C, and therefore certainly cannot link them. 

I got this idea standing in front of a fan on a hot day 
last week. In the room, I could feel the air from the fan 
more than ten feet away. However, I know that if I took 
the fan outside, and stood in a high wind, I would have to 
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Figure 1 (left). 


Magnetic lines of coil A 


Figure 2 (right). Deflection of magnetic lines linking a coil 
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get up real close before any of the air from the fan would 
reach me, 

Now we do the same for a coil, and the magnetic lines 
which it puts out, only of course I do not use wind to 
blow the magnetic lines away. 

What I do is use a good strong magnetic field coming 
from some other coil or magnet to push away the magnetic 
lines linking A so that they will not link B. 

In my figures I make this strong magnetic field come in 
vertically downwards in the plane of the paper. 
look back at Figure 1 we see that we can find points such 
as X near the upper side of coil A where the lines from A 
point straight upwards. At these various points X, the 
field strength itself is strong near the coil side, and is weak 
for X far from the coil side. 

If now I bring in my constant vertical field H, acting 
downwards, it will reverse the field at the points X which 
are farther away from A, but it will not be strong enough 
to reverse the field at points X near to A. There will be 
one X point therefore where the field strength will be 
reduced exactly to zero, and at that point there will be a 
singularity, where the magnetic line crosses itself. I show 
that in Figure 2. 


If we 


Similarly, as I show in Figure 2, there will be a point 
Y near the lower side of coil A where the magnetic line 
crosses itself. 

Now all the other magnetic lines which link A will lie 
between the two lines X, and Y. I show a few of these 
lines drawn light in Figure 2. Thus, there are no lines 
linking A which also link B. All such lines shown in 
Figure 1 are as it were blown down by the impressed con- 
stant field H so as to miss B completely. Thus mutual 
electromagnetic induction between A and B is completely 
stopped. 


I have two questions for my readers: 


1. Is my invention ef how to stop mutual induction 
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between coils any good? 2. If so, what is this invention 
good for? 

J. Slepian, Alter Ego 

J. SLEPIAN (F 27) 


(Associate Director, Westinghouse Research Laboratories, East Pittsburgh, Pa.) 


Two Boxes 


In the land of pure electrical constants an engineer is in- 
vestigating two boxes, each having four terminals. Two of 
the terminals on each box are marked “‘input,’’ and the 
other two “‘output.’’ The engineer connects the input 
terminals to a source of alternating current (pure sine 
wave) and notes that the performance of the two boxes at 
the output terminals is the same for similar external loading. 
He also notes that the efficiency of both boxes is 100 per cent 
for all power loadings. However, the input currents of 
the two boxes differ remarkably. He tabulates his read- 
ings in Table I. The voltages and currents are expressed 


Table I 
Input Input 
Current Current 

Input Box Box Output Output 
Volts Number 1 Number 2 Watts Volts Current 
Unity power factor load: 

L000 ieee betes 0.000272 IODO Fa tew. O2O00 a ies eate ta OOO SE dare fets 0.000 

TOO aoa breve ate 0325 Oe tte sae OF 9665 cae. OUZ5On aay er OL9GG oa reciivec 0.259 

2000 ees ea UP500 REE een On COG men tee 435 cetera cre Ol BOO ern ete dee 0.500 

BE000 seri scgsrep ates S707: \Sicicts eines ORTOF sim n ores O50 0S; tericrenne (ORVAUYAON cian crane 0.707 

OOO Secreta cision OB GG icreteretethe.a- O75 00 neers OR ERIS Scecnde OS 500s steals 0.866 

120002 282 see. O29 6G Ee cee OR25 Oratatcrae 0250 taste OS259 Ren. 0.966 

1 O00 seater oe A OOO ie Serres oe OS 000 srr 3 02000. OS 000 ere ee 000 

Zero power factor load: 

AROOO Mert fies 0 OOO everest te WOOO aise ate ncte (02000.-5--.)- al S000; aise Oe 000 

1.000 BO 250 eee eile DU ciel 1 ee O000% s riseas On 75 Oe ers One 50 

Pe OOO Merertrae rec OU Oar tetstersters E500 rererye ater OOOO meres ONS00 serena 0.500 

LOO O ere nner oe QBs toes oa é One25 OM areeees: OROOO A evctcislcks OeZ5 Osea ccuerers (ore 0.750 

VO trate aa OOO seri cmige Oc 00 Orie emintin Oi O00 vies aceon O;000 Penne wee. 1.000 


in unit values so that the reader may select his own base 
in studying the performance of the two boxes. What is 
in the boxes? 


A. A. KRONEBERG (EF ’48) 
(Southern California Edison Company, Los Angeles, Calif.) 


Answers to Previous Essays 


Electromagnetic Induction Intensifier. The following is the 
author’s answer to a previously published essay of the fore- 
going title (EE, Aug ’49, pp 677-8). 

My Alter Ego, the inventor, has quite surpassed himself 
this time, but he is only carrying on with logical complete- 
ness ideas concerning magnetic lines which are held and 
adhered to by many engineers. 

To begin with, the spiraling lines of magnetic force are 
no new discovery of the inventor, but occur all the time. 
It is only in the exceptional case, as for the perfectly flat 
plane coil that the magnetic lines close. ‘Twist this flat 
coil ever so slightly out of the plane, and the magnetic 
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lines will spiral around endlessly, never closing. The 
answer (EE, Feb ’48, p 187) to the electrical essay, ““Mag- 
netic Field of a Solenoid,” (EE, Jan’48, p 58) indicated that 
for a long solenoid, too, the magnetic lines also spiral end- 
lessly. 

For Faraday, who introduced them, the electric and 
magnetic lines of force were very real things. For Faraday 
a magnetic line probably had substantiality and indi- 
viduality equal to that of a stretched string. Maxwell in 
his famous Treatise, attempted, and quite successfully, to 
put Faraday’s ideas into mathematical form. However, 
and this is one of the great values of a mathematical 
treatment, when Faraday’s (and Maxwell’s) ideas were 
reduced to mathematical equations, the properties and 
connotations of lines of force which were irrelevant to 
electromagnetic phenomena disappeared, and only that 
which was essential remained. Gone were the threads, 
the electric and magnetic lines, which joined remote points 
in space, or formed nicely stretched out loops, and which 
might be considered as moving about “‘cutting’’ wires. 
What was left was only the vital essence, the vector field: 
at each point of space, a direction, and a magnitude. 

Maxwell’s equations deal only with vectors, and these 
vectors are wholly and completely the electromagnetic 
field according to Maxwell. You may if you like introduce 
lines of force to help visualize the vector field, but properties 
of lines of force specific to curves in space and not significant 
for vector fields, also will be irrelevant and nonsignificant 
for electromagnetic theory. 

The only significant properties of the lines of force for 
electromagnetic theory will be their direction and their 
density, in a sufficiently local region, since these properties 
are the only ones which correspond to the properties of the 
vector field. The continuity and individuality of the 
lines will be irrelevant properties. We may break them off 
in any small region, as we please, and start off new lines 
with similar direction and density, and these broken lines 
will represent the essential properties of the vector field 
just as well as the continuous lines. 

Whether any particular line closes or not, and whether 
it links one or more particular metallic circuits will be 
irrelevant, since these two properties of lines depend on 
the lines having continuity and individuality, which we 
have just observed to be irrelevant. The present essay 
illustrates the irrelevance of the first property, and my next 
essay will illustrate the irrelevance of the second property. 

That particular one of Maxwell’s equations which 
expresses Faraday’s law of electromagnetic induction is 


cesar (1) 
4r Ot 


It has in it only E and B, both vectors. There is nothing 
about lines of force in it. The integral equivalent of 
equation 1 is 


iff py up Hi B,dS (2) 
ot 


The left-hand member, £, integrated around any closed 
path which may be a metallic circuit in particular is called 
the induced electromotive force or the induced voltage; 
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E, in this essay. The integral on the right is to be carried 
out over a 2-sided surface bounded by the closed path or 
circuit. How such a 2-sided surface looks for a multiturn 
coil was discussed in the preceding electrical essay, “‘Fara- 
day’s Law of Induction II’ (FE, Jul’49, p 613). This 
integral is frequently and quite properly called the flux- 
linkage of the bounding circuit. It is independent of the 
choice of 2-sided surface bounded by the circuit. Flux- 
linkage defined by this integral is a definition in terms of 
the circuit, which determines the choice of surface over 
which to integrate, and of the vector-field flux-density. 
It has no irrelevant elements. 

The 2-sided surface bounded by the smooth closed curve, 
over which the surface integral is taken in equation 2 is 
of some complexity when the bounding curve follows the 
wire in a multiturn coil. This was the subject of the pre- 
ceding electrical essay. In this case, for the usual compact 
coil, we make little error if we substitute for the single 
2-sided n-sheeted surface with n-1 branch-points, a set of 
n independent 2-sided single-sheeted surfaces, each such 
sheet being almost bounded by a not quite closed turn of 
the coil. 

Similarly, the magnetic lines for a usual multiturn coil 
form a configuration of some complexity, each line spiraling 
around endlessly. Here again, we may make a small 
deviation from the actual field portrayed, if we force each 
line to close when it next comes back near itself. The 
lines of force then become simple closed curves whose 
density and direction approximately correspond to the 
magnitude and direction at each point of the actual vector 
field being portrayed. 

It is when such approximations as have been just de- 
scribed in the preceding two paragraphs are valid, and it 
is when such approximations are used, that the method of 
calculating flux-linkage used by my Alter Ego and his 
friends, the engineers, is equivalent to the flux-linkage 
defined by the surface integral in equation 2. Certainly 
such approximations are valid for the individual usual 
compact coils which are used in electric machines. How- 
ever, many of the magnetic lines would not even approxi- 
mately close for a configuration of coils like that in Figure 4. 


J. SLEPIAN (F ’27) 
(Associate Director, Westinghouse Research Laboratories, East Pittsburgh, Pa.) 


Low-Voltage Winding. The following is the author’s 
answer to a previously published essay of the preceding 
title (EE, Aug ’49, p 678). 

The main transformer winding will have two components 
of current in each half. For its excitation it will draw 
one ampere fundamental and 0.4 ampere third harmonic. 
This will be one component in each half of the winding. 
For the teaser transformer 86.6 per cent of rated voltage 
is applied to 86.6 per cent of the winding, hence its core 
operates at normal flux density. The exciting magneto- 
motive force must be equal to that required when the full 
winding was excited. As a result in the 7 connection the 
teaser transformer draws 1+0.866=1.15 ampere funda- 
mental and 0.4+0.866=0.46 ampere third harmonic. 
This represents the total current in the teaser transformer. 
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It has an rms value of V (1.15)2?+ (0.46)2=1.24 ampere. 

The teaser transformer exciting current divides equally 
between the two halves of the main transformer, hence it 
introduces a fundamental component of 1.15+2=0.577 
ampere and a third harmonic component of 0.46+2=0.23 
ampere in each half. In one half, the fundamental com- 
ponent adds at 90 degrees to the other fundamental com- 
ponent there. In the other half the components subtract 
at 90 degrees. In either half the magnitude of the re- 


sultant fundamental component is V 12+ (0.577)2=1.15 
ampere. In one half of the main transformer winding the 
third harmonic component from the teaser transformer 
adds at 3X90 degrees=270 degrees, to the other third 
harmonic component there. In the other half the com- 
ponents subtract at 270 degrees. In either half the magni- 
tude of the resultant third harmonic component is 


V (0.4)2-+ (0.23)2=0.46 ampere. Since both halves of the 
winding carry equal components their rms currents are 


each V(1.15)2-4 (0.46)?=1.24 ampere. Thus we find 
that the three line currents have equal rms values. How- 
ever, their wave forms are dissimilar because the harmonic 
components in each case are not in identical positions with 
respect to the fundamental components. 

An unusual thing about this circuit is that it is a 3-phase 
circuit having equal third harmonic currents in the lines. 
This is possible because the currents are 120 degrees apart 
on the harmonic time scale and add to zero. The currents 
are only 120 degrees+3=40 degrees apart on the funda- 
mental time scale, and not 120 degrees apart as they would 
have to be to make the line current wave forms identical. 


GEORGE V. MUELLER (M35) 


(Professor of Electrical Engineering, Purdue University, Lafayette, Ind.) 


Cathodic Vacuum Etching 


A Ford Motor 
Company (Dear- 
born, Mich.) phys- 
icist, using a proc- 
ess called cathodic 
vacuum __ etching, 
prepares a metal 
sample for micro- 
scopic examination. 
Ions of low-pres- 
sure argon gas, 
which have been 
charged by 12,000 
volts of electricity, 
bombard the metal, 
etching out ex- 
tremely minute de- 
tails of the surface 
structure 
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Cable Impregnated With High-Viscosity Oil 


JO per Hes TICHER 


MEMBER AIEE MEMBER AIEE 


URING 1941, a 7-mile circuit of 120-kv high- 

pressure gas-filled pipe-type cable known as the 
SMD-type cable was installed by The Detroit Edison 
Company, and has been in satisfactory operation since it 
was energized on December 31, 1941. An impregnating 
compound of much higher viscosity than that normally 
used in the mass-impregnation of cables was employed, 
and, at the time, preimpregnation of the tapes seemed to 
be the only method of assuring satisfactory impregnation 
throughout the wall of insulation. 

A 12.3-mile circuit of $A/D-type cable has been installed 
since at Detroit and was energized on December 13, 1948. 
At the time the design for this new line was being studied, 
mass-impregnation of the insulation was investigated and, 
as a result, half of the cable on this line has been made 
with mass-impregnation. 

In conjunction with the question of mass-impregnation 
versus preimpregnation, it was necessary to consider two 
chief problems. One was whether satisfactory impregnation 
could be achieved by the mass-impregnation process 
when a thick wall of insulation was to be impregnated 
with an oil of 3,000 Saybolt Universal seconds (6 poises) 
at 100 degrees centigrade. The other was whether, in a 
mass-impregnated cable, proper gas pressure could be 
assured at all locations in the insulation to prevent ioniza- 
tion at operating voltage if, for instance, rapid cooling of 
the cable should occur with consequent rapid increase 
of the viscosity of the impregnant. 

The impregnating oil which was used is known in the 
industry as HC 3000. Its constituents have a fairly narrow 
range of molecular weights, and the oil is much more 
nearly homogeneous with respect to molecular type than 
are natural petroleum oil impregnants. The oil is pro- 
duced by polymerization of refined low-molecular-weight 
olefinic gases. Some of its properties are listed: 

1. The viscosity at high temperature is about 30 times that of the 
higher-viscosity petroleum oil most widely used for cable impregna- 
tion. The low temperature characteristics are such that no difficulty 


results from installation at the minimum temperature (—10 degrees 
centigrade) considered normal in practice in the United States. 


2. The oil is very stable electrically and its power factor is so low 
that it contributes only a negligible portion of the cable dielectric 
loss. 


3. The oil is inherently of exceedingly low sulphur content, much 
lower than for natural petroleum oils, because of its production from 
low-molecular-weight olefinic gases which can be and are thoroughly 
freed from sulphur compounds. 


The process of producing the HC oil raises a question of 


Digest of paper 49-84, “High-Pressure Gas-Filled Cable Impregnated With Extra- 
High-Viscosity Oil,” recommended by the AIEE Insulated Conductor Committee and 
approved by the AIEE Technical Program Committee for presentation at the AIEE 
Winter General Meeting, New York, N. Y., January 31—February 4, 1949. Scheduled 
for publication in AIEE Transactions, volume 68, 1949. 
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Sticher, Doan, Atkinson, Meyerhoff—Cable Impregnated With High-Viscosity Oil 


W. ATKINSON 


FELLOW AIEE 


LOUIS MEYERHOFF 


MEMBER AIEE 


the possibility of a small content of organically bound 
chlorine. However, all of the oil used for the commercial 
production of the 1948 cable has a chlorine content of less 
than 0.01 per cent. Furthermore, extensive aging tests 
of paper impregnated with oil having four times. this 
chlorine content have been made. In comparison with 
control tests on similar paper with various oils of low 
chlorine content, no difference is apparent in the aging 
characteristics. 

Regarding the possible use of this oil in the more con- 
ventional mass-impregnation of cables, a careful investiga- 
tion revealed that, with practical modifications of con- 
ventional methods, this would be entirely feasible. Essen- 
tially, this meant drying and impregnating at a temperature 
within the maximum range used for solid-type cable, but 
keeping the entire length at approximately this chosen 
temperature. In order to obtain the required uniformity of 
temperature for the mass-impregnation with the high- 
viscosity oil, electrical-conductor heating for drying be- 
came a requirement for long commercial lengths. With 
such heating, and with the use of pressure on the oil during 
the process, complete impregnation could be assured with 
no longer exposure of the paper to high temperature than 
in previous good practice. | 

In order to determine the effect of sudden temperature 
drops on the ionization starting potential of gas pressure 
cables impregnated with HC-3000 oil by means of the mass- 
impregnation and the preimpregnation method, tests 
were conducted in which important temperature variations 
that occur in commercial cable operation were reproduced. 
In one series of tests, for instance, the cable load suddenly 
was reduced to zero, when the cable temperatures were 
stabilized, with the cable suspended in free air at 25 degrees 
centigrade and a conductor temperature of 100 degrees 
centigrade, and simultaneously a refrigerant at 0 degrees 
centigrade was circulated in cooling pipes provided on the 
outside of the cable. This test was applied several times 
to each cable sample. It was concluded from this study 
that the minimum ionization potential resulting during 
sudden temperature drops was safely above potentials 
that occur during normal service operation. 

Performance tests for comparison of mass-impregnated 
and preimpregnated cables have been under way in 
Detroit in an experimental field installation since August 
1947. Continuous load has been applied for a total of 
approximately 1,940 hours, with the conductor temperature 
at 100 degrees centigrade during most of the time. This 
was followed by 310 daily load cycles of 12-hour heating 
periods to 100-degree-centigrade conductor temperature 
and 12-hour cooling periods. A potential of 120 kv, 
three phase, was applied to the cable during all loading 
schedules. Power factor measurements made during the 
load tests have shown no significant change in the insulation. 
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Facsimile Transmission Speed 


HEN RYo Fag B Ui RK Eb ASR 


F GROWING importance to facsimile engineers is the 
problem of increasing the transmission speed. The 
speed may be increased by using special scanning methods, 
improving means for modulation and demodulation, using 
the available channel more efficiently, and using wider 
transmission channels. 

Speed of transmission usually is limited by the usable 
band width of the available wire or radio transmission cir- 
cuit and in some instances by the maximum recording speed 
of the recording medium. Since the scanning spot is just as 
likely to scan wide areas of constant shading as to scan iso- 
lated narrow lines, the frequency range of signals generated 
in the photocell circuit is from practically d-c to an infinite 
frequency. Ina practical design, this range is considered to 
be from d-c to the fundamental frequency generated by the 
scanning of alternate black and white lines, each equal in 
width to the scanning aperture. 
lated spot equal in width to the scanning aperture, a con- 


When scanning an iso- 


tinuous spectrum of frequency is generated. This spectrum 
may be found by means of a standard Fourier series analysis 
by assuming that the triangular wave which is generated is 
narrow and recurs at regular but widely separated intervals 
of time. 

A second method for finding the frequency distri- 
bution is to treat the triangular pulse as an isolated pulse 
and insert its time function in the Fourier integral 


= if feat 
285 oN foe, 


where f(t) is found from the time plot of the pulse. 
triangular pulse, the result is 


For the 


w 
1800 


w 


1—cos 
1800E 
F(w) = 


Both methods of analysis yield the same result. 

Attempts are being made to utilize the available channel 
more efficiently. Delay distortion is usually the critical 
factor. The time of transmission of any single steady-state 
frequency through a medium is equal to the total phase shift 
in radians divided by 27 times the frequency. The inverse 
of this time usually is called the phase velocity. For prac- 
tically distortionless transmission of modulation on a carrier, 
however, the criterion is that the envelope transmission time 
be constant over the frequency range being used. This en- 
velope transmission time is equal to the slope of the phase- 
shift-versus-w curve. This latter curve, therefore, should 
be a straight line over the required frequency range. It was 
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found that facsimile transmissions with a 1,000-cycle-per- 
second fundamental picture frequency were satisfactory 
when the envelope delay time at any and all frequencies in 
the required frequency spectrum was within +250 micro- 
seconds of the mean envelope delay time of the required 
spectrum. Ina special case when vestigial single-side-band 
modulation is employed, the +250 microsecond need only 
hold over the frequencies ranging from the carrier frequency 
minus the vestigial frequency to the carrier frequency plus 
the vestigial frequency, provided the envelope delay time 
for all other frequencies in the required spectrum is held to 
within +500 microseconds of the mean envelope delay 
time. To find the permissible envelope delay time for other 
than 1,000-cycle-per-second picture frequencies, divide the 
foregoing limits by the new picture frequency in kilocycles. 

When the modulating frequencies exceed half the value 
of the carrier frequency, special precautions should be taken 
for modulation and demodulation. One method proposed 
by Radio Inventions, Inc., employs a carrier equal to about 
four times the maximum modulating frequency. The mod- 
ulated signal is heterodyned down, and all but the lowest 
side-band signals are eliminated. Although the picture or 
modulating frequency is 2,400 cycles for newer low-speed 
equipment, these lowest side-band frequencies all fall within 
the contemplated Army voice channel. At the receiving 
machine, the signals are heterodyned back up prior to de- 
tecting and recording. ‘The Radio Corporation of America, 
under Signal Corps contract, developed another method of 
detection in which the received signals are heterodyned with 
the sine and cosine waves of a higher frequency prior to de- 
tection. 

The Times Facsimile Corporation normally accom- 
plishes modulation within the phototube while utilizing a 
bridge circuit. They developed a balanced photocell ar- 
rangement to eliminate the modulating frequency compo- 
nents from the output of the bridge. This permitted higher 
ratios of modulating to carrier frequencies, since it no longer 
was necessary to separate the modulating frequency and the 
modulation products by filtering. 

A study is in progress on the transmission of facsimile over 
wider channels up to 192 kc in width. Experimental equip- 
ment is being constructed to operate over 16-, 48-, 96-, and 
192-ke channels. Since the practical limit of recording 
speed for the recording medium normally only would per- 
mit operation on the 48-kc channel, another means was in- 
vestigated. Multiple scanning heads and recording helices 
to permit the scanning of one, two, or four scanning lines 
simultaneously were suggested. Since each line is scanned 
at a relatively slow rate of speed, the wet electrolytic medium 
was found to be satisfactory even at the 192-kc recording 
speed. At this higher rate of speed, it is anticipated that an 
8-by-10'/,-inch facsimile image will be transmitted every 
seven seconds. 
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‘Transmission Line Charts 


HERBERT L. KRAUSS 


ASSOCIATE AIEE 


HIS ARTICLE contains 
no new information on 
the use of transmission line 
charts. However, the 
benefit of persons not familiar 
with the charts and_ their 
applications, and for those 
who may have used the charts 
without knowing the theory 
involved, the development 
and some applications are 
presented with the mathematics simplified as much as pos- 
sible. 

When repeated calculations have to be made with com- 
plicated equations, a graphical solution often reduces the 
labor required. In the last decade much research has been 
done on transmission lines, wave guides, and antennas, and 
the same charts have been found useful for solving problems 
in all these fields.! 
the manner in which the line input impedance varies with 
frequency, line length, or terminating impedance, and in 
determining the effects of mismatching, the points where 
matching stubs should be connected, points of maximum 
and minimum impedance, and so on. A variety of charts 
has been developed, depending upon the type of co-ordi- 
nates used, location of the origin, and choice of parameters. 
Only the two types most generally used, hereafter referred 
to as the rectangular chart and Smith chart, will be ex- 


problems 


for considerably. 


types of charts. 


Line charts are helpful in visualizing 


Figure 1. Defini- 
tion of symbols 


Cea 


Figure 2. Definition of 
standing wave ratio 


plained. The Smith chart®? is the more popular of the two 
because it can handle calculations involving line attenua- 
tion more easily. 

Definition of Symbols. Reference to Figures 1 and 2 will 
supplement the definitions to follow. 


Zp=line terminating impedance (receiving end) 


Herbert L. Krauss is Assistant Professor of Electrical Engineering, Yale University, 
New Haven, Conn. 
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The use of charts to reduce the labor in solving 
involving high-frequency 
mission lines and wave guides has increased 8 
This article presents details of 
the development and problems illustrating 
applications of the two most commonly used 
It was written primarily for 
students and practicing engineers who use 
the charts without knowing the background. 
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trans- oe Es 


Xo=line characteristic impedance 
OS aa 
I; 


=input impedance of a 


line of length S' 

S'=distance measured from the 
load toward the input terminals 
Er,Jp=load voltage and current 
Es,I[s=voltage and current at a 
distance S' from the load 

E ,I*=incident-wave components 
of voltage and current, traveling 
toward the load 

E-,I- =reflected-wave 
nents of voltage and current, traveling toward the generator 
(Note that Es=Egt+Egs-, Is=Igt+Ig~-, and so on) 
y=a+j8=complex propagation constant of the line 


Brags Tmax 
p= = 


Emin min 


compo- 


=standing wave ratio (see Figure 2) 


Sha, KBs OEE 
K= |K| in h2, Eat receiving-end reflection coefficient 
RTAO “R 


Ks=|Ks|e?= rates Ke—*7S =equivalent sending-end reflection co- 
efficient looking toward the load 


Other symbols will be defined later as they are intro- 
duced in the article. 


RECTANGULAR CHART 


The input impedance of a line of length S, terminated in 
an arbitrary impedance, <p, is given by 


oo | ART <0 tanh y5 (1) 
Speak KotXp tanh 7S 


Now define the “normalized” input impedance as 


Ks_<r+Xo tanh 7S 
Ko K<otKXp tanh 7S 


a=ntnu= (2) 
The subsequent development will show that the locus of 
values of z, as § is varied is a circle (for a dissipationless line) 
if r, and x are plotted on rectangular-co-ordinate axes. 
Thus the variations in z, as a function of S$ may be read 
directly from the graph once the circle has been plotted. 

From the definitions of symbols previously given the 
following expressions may be obtained:° 


Est =Epte® (3) 
Ega=Epvem, (4) 
Eg=Egt+Es~ =Epte’+Ep-e~™ (5) 


But the receiving-end reflection coefficient is defined as 


ER- pe 
Bs Bee Ip 
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Solving equation 6 for E,~ and substituting in equation 5 
gives 

E,=EpteS+KEpte—7 

E,=Epnte’5[14+Ke-275] (7) 
Now define a reflection coefficient, A’, at a distance S from 
the load by expression 8. (Note that this is not equivalent 
to the sending-end reflection coefficient usually defined by 
ASmeG 


sy 


As! <0 


the ratio in the literature.) 


’ (oR MOST 
Ky,= |Ks|e?s= s z 


= — K—2y78 
pane (8) 


Substituting y=a+ 76 in the above equation, and equating 
the magnitudes and angles of the resulting expression yields 


[Xgl = [he (8a) 

(Note that |A,|=|A| if a=0) and 

os =o—2BS (8b) 

Using equation 8, equation 7 may be written 

Es=Epte™[1+Ks] (9) 

and by a similar development 

Ts=Ipte*|1—Ks] a als 1—Ks] (10) 
0 


Then using 7,=— and dividing by Z, to get the normal- 
Ss 


ized input impedance 


“ae ks 
AS . Ss . 
$= =n+jn=—— (11) 
erie Sc abd a 
Clearing fractions and solving for A‘s, 

, rm—1 47: 
Ree Kal thence (12) 

n+l arbi 


Now equate the squared magnitudes of the two sides of 
expression 12 


ee ala wa 


|Ks|?= : 
Gaia P seine 


(13) 


By clearing fractions in equation 13, collecting terms, and 
dividing through by (1—|A,|?), the expression 


: A fell 
rao + ag + x1 =—-—1 


is obtained. Upon completing the square for the r-terms 
in equation 14 the equation becomes 


1+ |Kg|? P 2\Kgs F 
ne +i ‘s| co |Ks| 
1—|Ks|? 1—|Ks|? 
This is the equation of a circle in the rectangular co-ordi- 
nates (71, x1), with its center at 


(14) 


(15) 


Si kg\* 
a 0 


2|K; 
x; =0, and radius = sets 


Ya Py 


tal 


(16) 
As various values are assigned to |Ks|, a family of circles sur- 
rounding (but not concentric with) the point (1, 0) is ob- 


tained (see Figure 3). 
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cma 
Wa 


Rectangular form of line chart 


Figure 3. 


For a dissipationless line, |A’,|=|A| at any value of S, and 
the circle-representing a constant value of |K| would be the 


locus of the values of the normalized input impedance <s_ 
0 
rityxi, as the distance § from the load is varied. On a line 


with dissipation the normalized load impedance, Ke would 
O 
be found on the circle determined by the value of |K\, 


whereas the input impedance, 2 would be located on the 


O 
corresponding |K,|-circle determined from |K.|=|K\je~*™*. 


This evidently would cause the locus of Xs to move 
O 
inward toward the point (1, 0) as S increases. The path 


would not be an ordinary spiral, however, because the suc- 
cessive |K|-circles are not concentric. 

A chart containing only the constant |K| circles would be 
incomplete because it would provide no means of determin- 
ing how the impedance value moves along a given |K|- 
circle as a function of S, the distance from the load. Unfor- 
tunately, the arc-length traversed is not a linear function of 
S, so another set of curves for measuring this distance must 
be derived. The “‘line angle’’, BS, is a convenient unit for 
representation of distance on the chart because it can repre- 
sent changes in frequency as well as changes in physical 
length. Referring to equations 84 and 12, ¢, is the angle 
which contains the desired parameter, BS. Thus, if the 
angles on the two sides of equation 12 are equated 


(17) 


ay Fae ee yf oie 
og+tan (4) tan (4) (17a) 
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Equating the tangents of the angles represented by the 
equality 17a, 


wy pes |- ra 
tan [¢e-ttan (=) aol 


and making use of the tangent of the sum of two angles 
equation 18 becomes 


(18) 


* — (n-+1) tan dstm 


nmti-mxm tan ¢g oe 


rn—1 


By cross-multiplication, collection of like terms, and com- 
pletion of the square in the x:-terms this becomes 


Mb Serve re 
Tet ht | 
tan ¢g sin? dg 


This expression represents a circle in the rectangular co- 


(20) 


: ; : 1 : 
ordinates (71, x1) with radius ( - and its center at 
sin 


8 


il 
tan ¢g 


n=0, m= (21) 
The circle represents the locus of all points having a con- 
stant value of ¢;. Choosing a series of values of ¢, results 
in a family of circles that pass through the point (1, 0) and 
that have their centers on the x;-axis. (See Figure 3). 

In using the chart the angle BS usually is required, rather 


than ds. The chart is entered at some point such as Ke _ 
Oo 
ry;-++jx1, and then a circle of constant || (or a path corre- 


sponding to |K\e~***) is followed through an angle BS to 
locate the new point which defines Xs Thus the chart is 
1) 


marked more conveniently in values of BS rather than ¢z. 
This may be done by assuming that K is real (obtained, for 
example, if <,=R, and <;,=R,>R,), whereupon ¢=0 and 
¢s=—28S. Then the circle obtained by substituting a 
given value of ¢, in equation 20 is designated on the chart by 
—ds 


5 =BS. Thus the final form of the chart is obtained. 


USE OF THE RECTANGULAR CHART 


Input Impedance. Assume that the input impedance of a 
line of length § is to be determined when Zo, a, 8, and <p 
are known. The steps to be followed are 


1. Calculate EE a 2 

Xo 
2. Enter the chart at this point and move clockwise (the direction 
of increasing S) along a circle of constant |K| through the angle AS, 


3. Ifa=O0, read ntin= at the point found in step 2. 
) 
4. If a>0, calculate |Ks|=|K|e—°#5, and move along the final 
BS-circle found in step 2 from the |K|-circle to the |Kg|-circle. This 


locates the final point 2 (The reader may recognize that the 


0 
|X |-circles could be designated more conveniently in terms of the 


standing wave ratio, p, or the attenuation, aS, in nepers or decibels. 
This will be discussed in connection with the Smith chart). 


5. Calculate Z7s=Zo(ri+jx) at the point located in steps 3 or 4 to 
complete the problem. 


Example. Suppose that <p=423+4 7175, <,=100+,0, 
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a=0, and BS=20 degrees. 
Following the steps gives 


ile $a 4.23-4)1.75 


The value of Z, is to be found. 


Enter the chart at this point (point A in 


a) 
Figure 3). This is on the circle for BS=175 degrees. 


2, Add 175 degrees+20 degrees=195 degrees. On the chart this 
is found as 15 degrees, and represents a 20-degree clockwise rotation 
from the original point. 


3. Where the 15-degree circle intersects the |K|-circle containing 


the initial point, read a 1.92 —j2.30 (point B in Figure 3). 
) 


4. Then 25= 2p (1.92—j2.30) =192—j230 ohms. 


Input Admittance. Let 
1 1 Ys 
Ys=—, Yo=—, and S =y,=0,+)5 
ST ale A Nea a git soy (22) 
Then by inverting equation 11 
past fos +jb 23 
Gate hee J1 ( ) 


This expression results in the same families of circles as 
were obtained from equation 11. Thus Figure 3 becomes 
an admittance chart if 7 is replaced by gi, and x; by di. 
The procedure for admittance calculations is identical with 
that given for impedances. Calculations on an admittance 
basis are preferable if loads or matching stubs are con- 
nected across the line. 


Conversion of Impedance to Admittance. ‘This utilizes the 
relationship between the input and output impedances of a 
quarter-wave length dissipationless line. On such a line 
Ko is purely resistive, a=0, BS=90 degrees, and expression 
1 may be simplified to yield 


Kskr=X0? (24) 
Using equation 22 this may be written as 

ks_o_Yr 

Sa Se ee 25 
REE AP ane 


Thus the normalized impedance at some point on a line is 
equal to the normalized admittance a quarter wave length 
away. ‘Therefore, the reciprocal of any normalized imped- 
ance value on the chart may be found by moving the point 
along the proper |K|-circle through an angular distance of 
90 degrees. 


Open-Circuited or Short-Circuited Dissipationless Lines. A 
short-circuited line has zero load impedance, and with no 
dissipation the input impedance is a pure reactance as Sis 
varied. The locus of these points is the | K|-circle of infinite 
radius that corresponds to the x-axis of the chart. The 
input susceptance of an open-circuited line also has the 
imaginary axis as its locus. 

Obviously, this chart cannot include impedance or ad- 
mittance values equal to infinity, such as would be en- 
countered on open- or short-circuited lines. The Smith 
chart does not have this limitation. 


Other Uses. Many other calculations involving imped- 
ance-matching stubs, quarter-wave impedance _ trans- 
formers, and broad-band impedance-matching devices are 
simplified by using this chart. However, no further ex- 
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amples will be given because the Smith chart handles the 
same calculations with equal or greater facility. 


SMITH CHART 


The Smith chart shown in Figure 11 represents the same 
information as the chart of Figure 3. The straight-line 
loci of constant 7; or x; in the rectangular chart become 
circles in the Smith chart as will be shown presently. The 
conversion of the first form of chart to the second may be 
made by means of a conformal transformation, but in this 
paper the Smith chart will be developed independently 
from the line relationships given in a foregoing section. 
The development for the rectangular chart may be followed 
through equations 9 and 10. Using equation 8, equations 
9 and 10 may be written as 


Es = Egte®S' 54 | Kg| <i(¢—BS) ] (9a) 

Te ER te 08 —|Ks|i@ =BS) | (10a) 
i) 

Then 

= Zs _ E54 [Kg |i — 89 on 


cane oleae cere! 


Multiply numerator and denominator of this equation by 
[eS —|K Je 7-89] and combine coefficients of the 
|K,|-terms to get 


1—|Kyg|?+ | Kg | [4% — 285) — eI — 785) | 


ies hae gE [Ks |?— | Ks | [<2 —265) 4 16 — 265) ] - 
Using equation 86, 
. _1—|Ks|?+j2|Ks|sin $s 

mt n+jx1 1+ |Kgs|2?—2|Ks|cos og ( 5 
Equating the real and imaginary parts gives 

1—|Kg|? 
me : | sl (28) 

1+|Ks|?—2|Ks| cos os 

2|K | si 

im |A's| sin $s (29) 


14 |Ks|?—2|Ks| cos $s 


These are the equations of circles in the polar co-ordinates 
(\Ks|, @s). Because equations 28 and 29 are-not recog- 
nized easily as equations of circles, a transformation from 
polar co-ordinates (|K,|, ¢;) to rectangular co-ordinates 
(u, v) will be made through the relationships obtainable 
from Figure 4. 


From the figure: 
u=|Ks| cos ¢s, v=|Kgs| sin ds, and |Kg|?=u?+v? (30) 


Applying the transformation equation 30 to equations 28 
and 29 yields 


elute 31) 
oir 1+u?+v? —2u a 

= 2u 30 
ary +u?-+-v? —2u G2 


Cross-multiplying equation 31, collecting terms, and com- 
pleting the square in u results in 


T1 2 1 2 
[5 | +0-[—] 


770 


(33) 
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x= 1 
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x= 7 


Figure 4 (top left). 


Transformation from polar to rectangular 
co-ordinates 


Figure 5 (lower left). Circles having r, constant 


Figure 6 (right). Circles having x; constant 


If various values of r; are chosen, this equation defines a 
family of circles in the rectangular co-ordinates (uw, v) with 
centers at 


11 


m+1 


T= ,; ¥7=0; and the radius = (34) 


1 
m+1 
All of these circles pass through the point (1, 0) as shown in 


Figure 5. 
By a similar procedure, equation 32 may be converted to 


th fee oil 
wars [o—4] =e 
x1 x) 


This gives a family of circles for constant values of x1, with 
centers at 


(35) 


(36) 


u=1,0= am and Pate 

x1 *1 
All of these circles also pass through the point (1, 0), (see 
Figure 6). 

In the development of the rectangular chart a circle of 
constant |K| was shown to represent the locus of input- 
impedance values on a dissipationless line. On the polar- 
co-ordinate chart now under discussion, the loci of con- 
stant |A| are circles concentric about the origin as may be 
seen from the relationships of equation 30. The expres- 
sions of equation 30 also indicate that the loci of constant 
angle ¢, are now radial lines from the origin, and that a 
given line angle BS represents a constant length of arc at 
any point on a given |K|-circle. 

Figure 7 illustrates the constant-|K] circles, and a typical 
scale of line angles. Since the value of p, the standing wave 
ratio, rather than the value of |A| generally is known in 
experimental work with lines and wave guides, the |K|- 
circles usually are specified in terms of the corresponding 
value of p. 
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Their relationship is given by the following expression: 


_ Emax _1+|K| 


Evin t—~|K| 7) 


The value of p for a given circle is also equal to the 7)-co- 
ordinate (greater than 1) at which the p-circle crosses the 
u-axis of the chart. This is explained in the ‘‘applications”’ 
section. Corresponding values of p and K are indicated in 
Figure 7. An arbitrary angular scale calibrated in terms 


of BS= -$ with ¢=0, isshown also. Note that a complete 


revolution on a |K|-circle corresponds to a change of 180 
degrees in the line angle because the standing-wave pattern 
and the input impedance values repeat at half-wave length 
intervals along a dissipationless line. 

Now Figures 5, 6,and 7 may be combined togive the com- 
plete form of the Smith chart shown in Figure 8. The 
angular scale shown here ordinarily is replaced by a wave 
length scale (see Figure 11) whose zero point is chosen 
arbitrarily. A rotatable wave length scale would be desir- 
able, since the measurement of line angle, BS, may begin at 


any desired value of <n 
oO 
Lines with attenuation can be handled easily with this 


chart. The locus of input impedance becomes a logarith- 


mic spiral described by |K,le’**, where |Ks|=|Kle~***, 
instead of the circle obtained for dissipationless lines. 
Since the value of p at the load, rather than ||, generally 
will be known; a means of finding the standing wave ratio 
Referring 


pg at a distance § from the load would be useful. 


Figure 7. Con- 
stant-K circles 


to equation 37, an expression similar to this may be written 
for the point S. 


1+1Ks| 


= (38) 
1—|Ks| 


Ps 


Combining equations 37, 38, and 84a gives 


—1 
i) 
- p+1 (39) 


for calculating the standing wave ratio at the input end of a 
line with dissipation when the attenuation constant and the 
load standing wave ratio are known. As an alternative, an 
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Figure 8. Abbreviated form of the Smith chart 


attenuation scale may be provided for the chart by assum- 
ing that p=1 in equation 39, solving the expression to get 


1 Ral 
es = In 
2 ps—1 


and evaluating aS'in nepers or decibels as shown in the table. 
Once such a scale has been determined, the difference in 
attenuation readings for the actual values of p and p, gives 
the correct value for aS. 


(40) 


= 


PS aS in Nepers aS in Decibels 

OO ee tenerensts (aisle, wie'scoacers caetene te arches O0000 eee eee ins ce ciate. 0.000 
DOW ae Rtas aoe aenscaieinie clotaeireiaas OL 0495: Seas seee etacy rdecamnieteoniennies 0.430 
NO MR osc ciaat s, areas Acc end ot srasceehe OOS 95: oo rm crtieee tits sia eeagre ten aca iat 0.864 

Beale tris Crereceraveret ate net tere sere owiehe EQS: ae oa eis aca tys aaa anon aa See oh nee i Ue dd 

Dips <8 Sposa saipoya, cy eytoeswe, 5) ais eyereee area's OS550) (2 ciseyetees fe repetaystovra mye anes een 4.78 

Died slope ksnaneavapd fe pefeuereso ays, 6. <kesasecayene Ol BOD) ees, aki ee Bee ems ees 6.99 

143 Up Fa TORO OEES Plata SO eect h Aaa LO Z2 Re Ore Pty Mea aegis harats 2 Gate 13522 

TOS eta ree easter eay Sake auctor Mis ctexeharets LBS Te wom cat ane bre ait 16.13 

TSO2 Persea syarantiersteuetne ss lets DT SOSH: ANCOR. Bennie e Cheat gah: 20.02 


Comparing Figures 3 and 8, a number of advantages of 
the polar form of the chart are immediately apparent: 


1. The @S-scale is uniform in terms of the arc traversed on a given 
|K| or p-circle, whereas this is not true of the rectangular chart. 


2. All values of impedance (or admittance) from zero to infinity 
are found on the chart; that is, there are no |K|-circles of infinite 
radius. 

3. The |K|-circles are concentric and equally spaced for equal incre- 
ments in |K|. Thus a given amount of attenuation reduces the 
length of the radius vector (||) by a fixed amount at any polar angle. 


4. Both the input impedance and input admittance of open-circuited 
lines may be found on the Smith chart. On the other hand the 
rectangular chart has the advantage that impedance or admit- 
tance values are represented directly by vectors drawn from the 
origin to the point in question, so that variations in magnitude and 
phase are visualized readily. This is not true of the Smith chart. 


APPLICATIONS OF THE SMITH CHART 


Input Impedance. The steps to be followed are identical 
with those outlined for the rectangular chart; therefore, 


rie 


they will not be repeated here. As an example, let point 
A in Figure 8 represent the normalized load impedance for a 


line, and suppose that = is to be found at an angular dis- 
0 
tance BS= 63 degrees from the load. Assume a=0. Since 


point A is at 27 degrees on the 8S-scale, adding 63 degrees+ 
27 degrees = 90 degrees locates Z, at point B, where the p= 


4 circle intersects the real axis of the chart. 


0.25+j0. 


Input Admittance. By defining y:=git+jh1, and substitut- 
ing gi for 7; and 5; for m, the chart becomes an admittance 


Ks 
Thus —= 
x 


0 


Figure 9. Tlustra- 

tion of the com- 

ponents of equa- 
tion 44 


chart. (On the standard Smith chart read ‘‘conductance”’ 
for “resistance,” and “susceptance” for ‘‘reactance.’’) 
The input admittance at a given distance from a known 
load admittance may be found in exactly the same way as 
the impedance calculation in the foregoing. 


Conversion of Impedance to Admittance. ‘The principles al- 
ready have been outlined in connection with the rectangu- 
lar chart. The operation is much simpler on the Smith 
chart, however, because a 90 degree rotation (in BS) from 
an impedance to its corresponding admittance is repre- 
sented by an actual angle of 180 degrees, thus placing the 
two points at opposite ends of a diameter of the correspond- 
ing p-circle. For example, point C in Figure 8 represents 
the admittance equivalent to the impedance of point A. 


If Ka is found at A, the co-ordinates of C represent Ys - 
oO oO 

Standing Wave Maxima and Minima on Dissipationless Lines. 
The standing wave ratio p and the position of a voltage 
maximum or minimum are the quantities most easily 
measured on high-frequency lines and in wave guides. 
The location of the voltage maxima and minima on the 
Smith chart now will be investigated for dissipationless lines, 
since this information is essential to the determination of 
unknown load impedances in terms of the measurable 
quantities mentioned in the foregoing. 

On a line with no dissipation, ,=R, and a=0. Refer- 
ring to equation 11, and substituting the definitions of K, 
and K, the normalized input impedance to the line may be 
expressed as 


Ks_1+Kg 1+|K| iO 7) 


(41) 
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The components of this expression are shown in Figure 9. 
Reference to equations 9 and 10 will show that the magni- 
tude of the line voltage versus distance is determined by 
|1+K,|, and that the line current magnitude is propor- 
tional to |1—X,|. From Figure 9 and equation 41 the line 
input impedance is evidently a maximum or minimum 
where the angle (6—28S) is 0 degrees or 180 degrees, re- 


spectively. 
Thus 
hae Xs in 1 
=p, and ———=- (42) 
Ro Ro p 


These points also correspond to the voltage maximum and 
minimum, and on the Smith chart they are found where the 
p-circle crosses the axis of x1=0. 


Determination of Unknown Load Impedance. Assuming that 
the standing wave ratio and the distance from the load to 
some convenient voltage minimum can be determined, the 
value of an unknown load impedance may be found easily 
with the Smith chart. 


Example. Let point B in Figure 8 represent the normal- 
ized input impedance at a voltage minimum on a dissipa- 
tionless line with p=4. Assuming that the voltage mini- 
mum is 63 degrees from the load, the normalized load imped- 
ance is found by moving counterclockwise along the p=4 
circle to point A. 


Addition of Impedance in Series or Parallel at Some Point on the 


Line. Ifa series resistance is added to an impedance =, or 


O 


ke 
a shunt conductance is added to an admittance — the imped- 
oO 
ance or admittance locus on the chart moves along a line of 


constant x; or 4; in the direction of increasing 7 or g1. 


Figure 10. Use of 
a single imped- 
ance - matching 
stub on a parallel- 
wire line 


Similarly, if a series reactance or shunt susceptance is added 
at some point, the impedance or admittance locus moves 
along a line of constant 7 or gi in the direction of increas- 
ing x, or 6;, taking the algebraic sign of the added quantity 
into account. 

The added quantities must be normalized; that is, divided 
by <, or Yo, before the foregoing operations are performed. 
An example will be given in the next section where a paral- 
lel stub line is used for impedance matching. 


Impedance Matching with a Single Parallel Stub Line. Figure 
10 illustrates the use of a parallel stub line to provide an 
impedance match between a transmission line and its load. 
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The distance S from the load to the point of stub connec- 
tion is chosen so that the input admittance to this length of 
line terminated in the load <p has a conductance com- 
ponent equal to the G, (“characteristic conductance”’) of 
the line. If the line is dissipationless, G,=1/R,. At this 
point an open-circuited or short-circuited dissipationless 
stub line is connected in parallel, thus providing a parallel 
susceptance of such a value that the total susceptance at the 
point will equal the characteristic susceptance of the line. 
On a dissipationless line, B,=0, therefore the susceptance 
should be equal and opposite to the input susceptance of 
the length of line S' terminated in %,. In either case the 
line from the generator then will be terminated in its charac- 
teristic admittance at the point of stub connection. Stand- 
ing waves will exist on the stub and on the line between 
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the stub and the load, but not on the line between the gen- 
erator and the stub. The benefits derived from obtaining 
an impedance match at the load are that the transmission 
efficiency of the main line will be increased® and that maxi- 
mum power transfer between the line and load will be ob- 
tained. 

The matching stub should be placed as close to the load as 
possible to eliminate standing waves over the major portion 
of the line from the generator. A short-circuited stub 
generally is used because the stub length is easier to adjust 
than that of an open-circuited stub. 

The calculation for single-stub matching is illustrated in 
Figure 11, in which the lines necessary to demonstrate single- 
stub and double-stub matching have been added to the 
Smith chart. A lossless line and stub are assumed. In 
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Figure 11, let point A represent the normalized load admit- 
tance. This must be transformed to B (center of chart) 
in order to match the line impedance. Varying the dis- 
tance § in Figure 10 corresponds to moving around the 
p=3 circle in a clockwise direction to either point C or D 
where gi=1. If C is chosen as the point of stub connec- 
tion, the arc AC represents the length S. Now a negative 
susceptance (due to the stub) added at C will move the 
point around the g;=1 circle to B. 

The procedure for determining the length of the stub and 
the distance S to the point of connection is as follows: 


1. Locate the point Yp/Yp either from the known value of Yr, or 
by the method given under ‘Determination of Unknown Load 
Impedance,’ using admittances instead of impedances. 


2. From this point move around the p circle to the first point where 
the input admittance, y:=gi+jbi, has gi=1 which gives an input 
conductance equal to the Gp of the line. This will occur where the 
given p circle intersects the circle for R/Z<9=1, and locates the point 
of stub connection. 

3. Find the length of open-circuited or short-circuited stub required 
to produce a susceptance equal and opposite to that found at the 
point where gi=1. This value is located on the circle for p= 
(assuming the stub is dissipationless). 


Example. (Use the chart of Figure 11.) A line has 
a=0, £9=100+)9, <p=654)115, 


Then <P 9 65-451.1 S 
Ko 
o=4 circle. 


Locate this on the chart, on the 


16 
1. Draw a diameter of the circle to get 7 70.37 —j0.65. 
7) 


yy 
2. Go around the circle (toward generator) to al 1.0+ 71.5. The 
to) 


distance traversed is 0.276), determining the point of stub connection. 


i 
3. A short-circuited stub has ae co, which is found at the right 
0 


R 

end of the real axis (2 =o onthe chart) Moving clockwise around 
0 

the outer circle to the point where the susceptance is —71.5 gives a 


required stub length of 0.093x. 
Double-Stub Impedance Matching. In using coaxial lines, 
the matching stub no longer can be connected at will to any 


(2) (1) 


Figure 12. Use of 

two matching 

stubs on a coaxial 
line 


—— 


arbitrary point on the line because of the necessity of drilling 
a hole in the outer conductor. Once this has been done, 
the stub position cannot be changed when a new load imped- 
ance is substituted. One way of overcoming this diffi- 
culty is to insert a variable-length section of line between the 
stub and the load. However, because of the consequent 
need for flexible lines and the difficulty of making a vari- 
able-length section with constant impedance throughout its 
length, this method is actually not very good for microwave 
work. 
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A better solution is to use two or three tuning stubs with a 
fixed spacing. The case of two independently tuned stubs 
spaced one-quarter wave length will be considered here. 
One of the stubs is assumed to be at the load, although this 
is not a necessary condition. Figure 12 shows the arrange- 
ment of the stubs on the coaxial line. Stub 7 may be used 
to add positive or negative susceptance in parallel with the 
load. 

The resulting admittance is transformed to the op- 


r 
posite side of the chart by the 7 line; and if an impedance- 


match is to be obtained, this point must lie on the gi=1 
circle. Then the susceptance of stub 2 is added (as in the 
case of single-stub matching) to transform the admittance 
to the center of the chart. 

The manipulations involved in double-stub matching 
are illustrated in Figure 11. Assume the load admittance 
at A is to be matched to the line admittance at B. The 
short-circuited stub 7 adds negative susceptance to the ad- 
mittance at A, moving the point along a line of constant g). 
The proper amount of susceptance must be added by stub 7 
so that the resulting admittance may be transformed by 
the \/4 line to a point on the gi=1 circle. Since the /4 
line transforms admittances to opposite ends of the diam- 
eter of a circle of constant p, the locus of admittances that 
can be transformed to the g:=1 circle by such a line easily is 
seen to be a similar circle on the left side of the chart. 
Therefore stub 7 should be of the proper length to trans- 
form the admittance from A to EF in Figure 11. The 2/4 
line then transforms E to F; and stub 2 then is adjusted to 
have the proper susceptance to move the admittance from 
F along the g;=1 circle to B. 

Further consideration of Figure 11 and the process in- 
volved in double-stub matching will show that for the 
conditions chosen here (stub 7 at the load and )/4 spacing 
between stubs) only those load admittances with 0<gi<1 
can be matched to the line. Therefore, other stub posi- 
tions and spacings, or the use of three stubs may be prefer- 
able in some applications. 


CONCLUSION 


In conclusion it would be well to repeat that, although 
the examples of use of the charts discussed in this article 
have been referred to transmission lines, most of them are 
equally applicable to wave guides. The matching stubs and 
other impedances that may be connected into a wave-guide 
system may have an entirely different physical form from 
lines, but the calculations of impedance and admittance are 
performed in the same way, the necessary physical measure- 
ments being made in terms of the standing waves of electric 
or magnetic field intensity in the wave guide. 
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Characteristics of 2-Phase Servomotors 


R. J. W. KOOPMAN 


MEMBER AIEE 


N THE past few years, small 2-phase induction motors 

have become quite popular for use as servomotors in 
control systems where relatively small torques are required. 

Fundamentally, these motors are similar to the 2-phase 
squirrel-cage induction motor. However, there are im- 
portant differences in operating conditions and in design 
values. Two-phase servomotors are operated practically 
always on unbalanced terminal voltage for, to achieve 
control of torque, speed, and sense of rotation, the control- 
winding voltage may be varied from rated value in one 
sense through zero to rated value in the opposite sense, 
while the voltage on the other winding, called the main 
winding, is held constant. 

With respect to design values, the air gap is relatively 
large, and in order to secure stable control, the speed- 
versus-torque curve must cross the zero speed axis with 
negative slope. These conditions mean relatively high 
exciting susceptance and rotor resistance. 

An analysis of the performance of 2-phase induction 
motors as servomotors yields the following: 


V 
Vin = 5 +4) (1) 
V 
Va= 5 (1-#) (2) 
where 


V 4 =voltage applied to main winding 

V y= the positive-sequence component of main-wiiiding voltage 
Vy2=the negative-sequence component of main-winding voltage 
& =ratio main-winding voltage to control-winding voltage 


Positive- and negative-sequence torques are respectively 


Vin\? 
Taso woes) 
1 (7) Bl (3) 
: V 
n-( vie Tra (4) 
T=l%—-Tr (5) 
wliere 


Tj, is the torque due to balanced voltage, Vy,, at slip S 
Te is the torque for slip 2-S 
T is the net torque 


A family of calculated speed-torque curves for a servo- 
motor having typical constants is shown in Figure 1. Curve 
F corresponds to operation on balanced voltage and is 
calculated by methods quite generally used. The other 
curves can be obtained easily by calculating the component 
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Figure 1. Per cent synchronous speed versus torque in syn- 


chronous watts for servomotor operating with external impedance 
in control-winding circuit equal to zero 


Curve A is for control voltage corresponding tok=0; B, k=0.2; C, k=0.4; 
D, k=0.6; E, k=0.8; F, k=7.0 


voltages from equations 1 and 2, reading 7,, and T,2 
from curve F, and substituting into equations 3, 4, and 5:- 

When the control winding is supplied through a re- 
sistance, the formulas for the components of voltage 
become considerably more complicated. However, if 
the control voltage is increased to compensate for the ex- 
ternal impedance drop, the shapes of the curves over the 
normal operating range are quite similar. 

In the design and analysis of control systems, it is im- 
portant to know the relation between servomotor control 
voltage and torque. Information contained in Figure 1 
may be replotted to show that this relationship is very nearly 
linear over normal operating speed ranges. It can be 
shown to be exactly linear at zero speed from theory. 

Another important factor in control system design is the 
internal motor damping factor which is the negative re- 
ciprocal of the slopes of the curves of Figure 1. These fac- 
tors vary widely with voltage and speed. 

If the control-winding voltage is made zero it can be 
seen from equations 1 and 2 that the positive- and negative- 
sequence voltages will be equal. If the motor has a speed- 
torque curve typical of high rotor resistance crossing the 
zero speed axis with negative slope as shown by 7, and 
its continuation, 7,2, in Figure 1, it can be seen that the 
negative-sequence torque will be larger than the positive, 
and thus prevent rotation regardless of the rotor speed. 


a5 


The Flux Field in the Shaded-Pole Motor 


E. E. KIMBERLY 


MEMBER ATEE 


HE SHADED-POLE induction motor traditionally has 

been built but not designed. In the present state of the 
art, it is more practical to build a series of trial motors with 
modifications to produce the desired characteristics than to 
design one meticulously and still miss those characteristics. 
‘This article is intended to show some of the causes of failure 
of the usual design procedures. The results are qualitative 
only, but it is hoped that they will aid designers quantita- 
tively through the use of presently known design constants 
which have been obtained from experience with their own 
motors. 

To determine the flux distribution around the air gap at 
any chosen instant of time, the magnitude of flux shown by 
the time trace on the oscilloscope screen at that instant, as 
seen on the repetitive synchronized traces, was recorded and 
plotted against space degrees around the air gap, as the 
measuring circuit was switched to successive air gap ex- 
ploring coils around the pole face. The same was repeated 
for instants of time successively later by 30 degrees. When 
the shading-coil circuit was open, the space waves plotted 
for 30-degree time intervals showed standing waves of both 
fundamental and third harmonic flux. 

If the fundamental field traveled around the air gap at 
synchronous speed, the double revolving field theory could 
account for its nonconstant magnitude. However, observa- 
tions and analyses show that the field varies from point to 
point in time around the air gap, not only in magnitude but 
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Figure 1. Speed and flux density of fundamental field with rotor 


blocked 
Shading coil resistance slightly higher than normal 


in speed as well. In the special motor built in large size 
and tested, the fundamental field traveled at more than 
21/, times synchronous speed around some portions of the 
air gap and, of course, at much less than synchronous speed 
around other portions. In this article, the position of the 
fundamental field is plotted against time to show its abbera- 
tion from the ideal. Figure 1 shows a plot of apparent 
velocity and magnitude of the fundamental field as it 
travels once around the air gap. This plot is not com- 
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pletely satisfying because of the few calculated points avail- 
able for plotting. This erratic magnitude and velocity 
leads to difficulties in attempting to apply the usual rotating 
field theory. 

An analysis of the third-harmonic field (no higher inves- 
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Figure 2. Speed-torque characteristics of motor 
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B—With shading cotl resistance same as in Figure 7 


tigated) shows some conditions under which the field is a 
standing wave and others in which it is moving forward or 
backward. With the shading coil resistance adjusted for 
maximum torque, the third harmonic field moves forward 
at one-third synchronous speed and contributes to the 
starting torque. When the shading coil resistance is too low, 
the third harmonic field moves backward and detracts from 
the starting torque. 

It is believed that the function of the magnetic bridge 
between adjacent poles has been clarified. Its purpose is 
to improve the permeance of the path taken by the flux, 
which is mutual to the exciting coil and the shading coil. 
It also serves to divert this mutual flux from a path through 
the rotor where it is a detriment to the starting torque be- 
cause of the small time angle by which it lags the flux 
through the unshaded portion of the pole. 

The effect of too little resistance in the shading coils is 
shown by loss of starting torque. The flux produced by the 
shading coil ampere-turns is shown to be confined to a 
local path which crosses the air gap twice. Those fluxes 
then do not “join hands” from coil to coil around the air 
gap. No attempt has been made to correlate the shading 
coil current and resistance as they are related to heating of 
the coil or efficiency of the motor. Figure 2 shows the 
speed-torque characteristics of the experimental motor 
with and without shading coils. 
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by the AIEE Rotating Machinery Committee and approved by the AIEE Technical 
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Industrial Exploration and Development 


Seete OWN LES MI TH 


T IS REALIZED that 

there is a widespread 
misunderstanding, or shall 
we say misuse, of the word 
“research”? and so this ar- 
ticle has been entitled “‘In- 
dustrial Exploration and 
Development,” rather than 
“Industrial Research and 
Development,” which is more common in the mechanical 
engineering field. What is research to one man is dis- 
tinctly development to another, and at times it is difficult 
to lay down rules regarding a proper line of demarcation. 
This article deals with the operation of a division of a 
company which ordinarily might be named Research and 
Development in mechanical engineering, and will cover the 
product and the personnel. 

While the author’s experience has been largely in the 
mechanical engineering field, the procedures involved are 
about the same for most of the other industrial engineering 
companies, although in some electrical companies the 
division might be listed almost entirely in the development 


field. 
SHOULD THERE BE A RESEARCH DEPARTMENT? 


ists. 


Can the company justify a research organization? In 
general, research these days involves the use of more ex- 
perience than one man ordinarily could be expected to 
have. Thus, in each research organization of any size 
a whole series of specialists has been developed, each man 
to handle all of the problems in his field in the entire 
organization. For example, in one organization there is 
a specialist in gears and mechanisms, another in hydraulics, 
a third in electric control equipment, a fourth in motion- 
time analysis, a fifth in metallurgical engineering, a sixth 
in cam mechanisms, a seventh in testing techniques. 
Because of the ramifications in the development of a fairly 
complicated machine, it is seldom desirable for a company 
to set up a research organization unless it is prepared to 
spend more than $100,000 a year for research and develop- 
ment. Where the company is small or such an outlay is 
undesirable, it is generally better for that company to 
have its research done elsewhere, at one of the industrial 
foundations such as Battelle Memorial Institute or Armour 
Research Foundation, or at a technical college such as 
Iowa State College where it can be handled as a project. 
At a research institute or at a technical college, there is 
generally available on the staff a collection of talent which 
would not be available in a small research organization in 
industry. However, several defects in the handling of 
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Research, today, is a complicated process, en- 

tailing the services of an entire series of special- 

Assuming that a given company can 

justify the cost of a research department, the 

author goes on to examine some of the short- 

comings and possibilities of industrial research 
and development work. 
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work in that way are ob- 
vious to one who has come 
from an industrial organiza- 
tion. In industry a close 
check is kept on all projects 
to ascertain that the research 
worker does not stray from 
the primary objective along 
an alley that looks promising 
to him at that time, while in colleges there is sometimes 
such a tendency, and thus proper direction of the work 
has to be assured. 

Assuming that the cost can be warranted, what would 
be some of the pitfalls of such a department? The ones I 
shall discuss are connected with the mechanical industries, 
but would apply to electrical engineers also. 


BUSINESS VIEWPOINTS 


As the principal object of research in most industrial 
concerns is the development of some new product or 
process, a constant check has to be kept, not only on the 
technical aspects, but also on the business aspects. For 
example, if a process can be developed by research which 
indicates that a certain thing can be done, but a business 
analysis shows that even if it were done it would not be 
feasible, there is little point in continuing the research 
much further. This type of control is responsible for a 
large part of the dissatisfaction of research workers. When 
a research man is in the middle of a problem and believes 
that he has made rapid progress, he hates to be stopped 
from further work, and so feels that any businessman who 
stops him for business reasons does so because he does not 
have a scientific appreciation of the problem. Very often 
this is true and the decision to stop certain problems and 
continue with others is the wrong one. On the other 
hand, the businessman makes such decisions on the basis of 
what the engineers and scientists have convinced him are 
the possibilities. If the research man is incapable of pre- 
senting a clear picture of the possibilities, it is not at all 
surprising that the businessman frequently turns him down. 
We all know of instances where a second-rate idea has been 
pushed through successfully, whereas a first-rate idea has 
been largely neglected, because of the superior selling power 
of the man on the first job. 

A research department must demonstrate to the company 
that in the long run it is worth its cost. Frequently the 
management of a research organization is too impatient to 
wait for results from research, and these almost invariably 
take longer than the layman would expect, but no company 
can justify a layout for research year after year if no returns 
from that research are coming in or are expected within a 
reasonable time. If such a research organization does 
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exist, it is clear that the research management is in danger 
of being displaced by more competent research manage- 
ment. This means that the skillful research administrator 
or executive should try at an early stage to show where 
his research is benefiting the company. In the process of 
doing so, however, he should not make the mistake of as- 
suming that all the progress made by the company is made 
by the research department. For example, in the working 
out of a new product, the research division should consult 
with the various other departments which will be concerned 
with the finished product before production begins—the 
sales staff, tool and production engineers, shop foremen, 
and so forth. Where those people have contributed to the 
finished product, credit should be given to them. This 
helps to smooth the way in the developing of new products. 
Indeed, from the standpoint of the research administrator, 
it very often pays to give the production men more credit 
than they really deserve. In many instances a research 
organization has to do a selling job as well as research, and 
a little bit of overpraise of others who have contributed 
might be worth a great deal in the developing of a research 
division. 

The development of a new product is not something 
which can be analyzed entirely from the business stand- 
point. For example, several years ago one of the big 
aluminum companies in the country was approached to 
see if it would make an aluminum tank car to handle the 
special products of one small manufacturer. The alu- 
minum company had its business research man analyze 
the potential field for tank cars to handle that particular 
product and, finding that only one or two such cars would 
be necessary for the whole country, refused the assignment. 
The small manufacturer then went to a job shop and asked 
them if they could make such a car, and if they would be 
willing to do so. Their chief engineer replied, ‘‘Why, 
certainly we can make it,” and without giving it any 
business analysis, he made one. The car traveled the rail- 
roads and interested many people as a solution to some of 
their own problems, and before long a sizable order was 
placed for such aluminum tank cars. This is not a plea for 
less business control of research, but an indication that busi- 
ness control has to be guided properly for it to be completely 
satisfactory. 

After a product has been developed, it has to be sold or 
leased, and so the company might be expected to go into 
large-scale production immediately. It may be argued that 
this is what is done in the mass production industries. 
Actually, however, it isnot. A glance at the progress in the 
automobile industry since its beginning will show that no 
great change has been initiated in any one year by any major 
company without serious danger that the public would not 
accept the product. The development of the Chrysler Air- 
flow, which was actually a very distinct engineering achieve- 
ment, was too advanced for the average buyer at that time, 
but the engineering advances in that car since have been 
adopted by almost every automobile manufacturer in the 
United States. Thus if a radical improvement in a product 
is to be expected, it might be better to put out such a device 
in engineering in the same way that a pilot plant is devel- 
oped in the chemical engineering industries before a full- 
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scale production plant is built. In the machine tool in- 
dustry, for instance, this might mean manufacturing a 
limited quantity of such items for local sale before inaugu- 
rating large-scale production. Frequently the cost of the 
final product would be more than if full-scale production 
had been started immediately, but this might be good in- 
surance. 


THE BUSINESS MANAGEMENT OF ENGINEERING 


Business management has a constant finger in the research 
pie. The cost of each phase of the business is, in general, of 
little interest to the research man, and someone has to keep 
him cost-conscious. Frequently, in order to give the busi- 
nessman, general manager, and the chief engineer or techni- 
cal director a proper indication of progress, reports are re- 
quested from each section head on each of the developments 
under his control. The time between those reports should 
not be more than one month, but one week is too short a 
period. Ifa section head is asked to prepare a progress re- 
port every month on a job where expenses keep rising, after a 
time, if progress cannot be shown, he will take a more active 
interest in that particular item and see that progress is made. 
If progress is delayed in a development department because 
certain matters are unknown, the problem should be taken 
from the development department and reassigned to a re- 
search department where more latitude can be given in cost 
matters. 

In general, the management of an engineering department 
is handled by a technical man who probably knows engi- 
neering quite well, but whose business training is likely to be 
slight. For that reason, he often cannot handle both engi- 
neering and business matters to best advantage. In one 
company with which the author was associated, the business 
aspects of engineering assignments were handled by business- 
trained men reporting to the director of research, thus reliev- 
ing the engineers, including the chief engineer, of all busi- 
ness responsibilities. For example, if a contract with an 
outside concern was to be set up for a development project, 
the chief engineer would be called in to consider the engi- 
neering aspects of the program, or if someone else in the 
organization was better prepared to handle the technical 
matters, he would be consulted. But the handling of the 
contract, and the proper following up of this contract with 
the outside’concern, would be done by the business represen- 
tative. Because this businessman was responsible to the 
director of research, and not to the chief engineer, there was 
at times a feeling that the general management was not 
given the engineering picture as fully as the engineers would 
like. Nevertheless, on the whole, this system worked very 
satisfactorily and often was envied by project or chief engi- 
neers in other concerns who had to handle all phases dealing 
with individual contracts. 

Research in production items requires a constant watch 
over costs. For example, in one instance the author be- 
lieved that an improvement could be made in the sound 
deadening on automobile doors which would eliminate the 
filthy section in the plant devoted to the spraying of the 
tarry material. One of the wide automobile doors was 
taken off the production line and the proposed change was 
made. It worked beautifully. Then a cost estimate was 


ELECTRICAL ENGINEERING 


made, and it was found that the new scheme would cost 1.12 
cents per pair of doors, or per car, more than the original. 
As a first attempt, it looked encouraging to the author—but 
the automobile company was not sufficiently interested even 
to look at it when they saw the price differential. 

Research on production items frequently has its humorous 
side, also. When one of the railroad companies operating 
out of Chicago wanted to get a sound analysis of one of its 
trains in an endeavor to cut down on the sound level, the 
author was assigned the job with some assistants. For 
comparison purposes a sound analysis also had to be made of 
a competitive train, and this, of course, posed some prob- 
lems, for it would have been awkward explaining the reasons 
for the test. However, everything went smoothly until the 
last car was reached, and there the conductor was met. He 
asked the author and his assistant what was going on, and, 
unabashed the assistant said: ‘“‘I am taking some gradu- 
ate work in college, and this is my professor.’’ Con- 
sidering the fact that he was about 55 years old, and the 
author about 35, there was some feeling of relief when the 
conductor believed the story. 

Among the results of this research was one item of con- 
siderable interest. Inside the car the principal noise was 
found to come from the vibration of the wheel when it hit 
something. The frequency of vibration was quite high, and 
almost continuous, regardless of speed. However, it was 
discovered that the cure could be effected very simply, so 
that when the wheel was struck by a hammer it was like hit- 
ting a block of wood, whereas the untreated wheel rang like a 
bell. The general management was very much impressed 
and insisted that every car from then on must be equipped 
with that device. Some two years later, the author checked 
back to find out if many such wheels had been turned out, 
and discovered that not a single one had been. The rail- 
road men of general management level approved the idea 
whole heartedly, but the mechanics decided that it would 
spoil their practice of hitting a wheel with a hammer to 
detect cracks. They couldn’t hear anything. This was 
one good idea gone wrong. 


RESEARCH COSTS 


Many large research organizations try to charge the cost 
of all research and development men to particular jobs or 
projects. Where there are several specialists, and each man 
works on perhaps a dozen different projects in a week, it 
soon becomes a tiresome chore for a research man to break 
down his time satisfactorily, and the making out of time 
cards for research workers ordinarily is looked upon as 
beneath their dignity. Where it is possible at all, it is better 
to put the research worker on overhead and have the time 
spent by the various research workers apportioned by the 
section or department head. This may seem antagonistic 
to good business practice, but it is remarkable how much 
animosity can be built up in the minds of research workers 
by such minor routine and red tape. 


GENERAL PERSONNEL RELATIONS 


Programs for Advancement. ‘The management of a research 
organization should have definite plans for advancement of 
every capable employee, and these plans should be made 
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known, in so far as possible, to the person concerned. It is 
important that the latter be advised of his shortcomings, as 
well as of his desirable characteristics, and he should be told 
what is to be expected in preparation for the next step in the 
plan. Everyone in the organization should have at least 
one management representative, not necessarily his immedi- 
ate superior, who is actively interested in increasing the 
employee’s value to himself and to the company. In re- 
search organizations there frequently is not a personnel 
manager, and there should be if the company is large. 


Explaining Company Policy. Too frequently company 
policy does not go further than the general management 
and the research worker does not know why he is doing what 
he is, and why the company is doing what it is. In general, 
a management policy affecting the workers should be ex- 
plained to them. 


Worker Faults. It does not pay to have a third-rate 
worker continue to consider himself first-rate merely be- 
cause he is not told of his deficiencies. It is better to tell 
such men, so that they have a chance to improve, and to 
realize what they lack. Otherwise, they think that they are 
being deliberately held back because of favoritism. If the 
man still continues to feel as he does after a suitable cooling- 
off period, an effort should be made to place him in some 
other department. 


Training Programs. There should be a constant training 
program for younger men to take over the senior executive 
positions at the proper time. Frequently this is critically 
neglected. 


General Management Visits. ‘To obtain a true picture of the 
progress being made, members of the general management 
should not visit the research division on well-advertised 
days, but often should drop in unannounced. Also, 
they should make it a point to discuss with the various 
workers, individually, their problems, their hopes, and ex- 
pectations. Too often, general management gets its pic- 
ture of research from the research director, who tends to 
present a distorted view. This criticism probably is limited 
to a relatively few concerns, however. 


Technical Decisions. It should be clearly understood that 
technical decisions should be made by the technical staff. 
Frequently, the research director makes technical decisions, 
as well as those of a business nature. If he is a competent 
technical man, this is probably all right. But many a re- 
search organization has experienced difficulties when the 
research director is appointed for his business ability and yet 
makes technical decisions. Sometimes such a man has just 
sufficient technical knowledge to be ‘“‘dangerous.” 


Titles. Some companies have a definite policy of giving 
only one or two titles in a research organization, for example, 
the Director and Assistant Director of Research. This 
creates a great deal of unnecessary ill will and is actually poor 
business because the members of the organization have no 
way of identifying themselves in business correspondence as 
to their particular affiliation—be it as engineer, or salesman, 
or perhaps on the business staff. In addition, a title can 
save the man embarrassment if he attends national conven- 
tions. If asked his position, he can identify himself merely 
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by giving his title rather than going into a detailed descrip- 
tion of his job. 

It has been stated that titles are frequently not given be- 
cause, if a man is found to be in the wrong position, he can 
be transferred without toss of title and thus with less hurt to 
its prestige. The author has seen this process in action and 
he is convinced that the argument is not valid. The loss ofa 
title is not what hurts the man; it is the loss of the job. In 
addition, in such cases where titles are not given, there often 
is a tendency for that corporation to lose men to similar 
positions where a title is available. Perhaps some vanity is 
tied up with this factor, but if so, it should be recognized. 

In the author’s opinion, titles should be given to all men 
from research director to group leader. 


Scholars. Research workers, on the whole, are not quite 
the wild-eyed radicals pictured in the comics. They are 
generally a pretty nice group of people and fairly easy to 
get along with, and they are research men for a very special 
reason. ‘This is the type of work they like to do and they are 
competent to do it. It does not follow at all that they are 
competent to guide research when it is done by other people, 
but they may be brilliant research men when left to them- 
selves. 

Thus, clearly the appointment of a man to run a group 
or section or department should not be based on the 
individual accomplishments of the man or what he has done 
for the company, but it should be based on the choice of the 
proper man to run that particular group of people. It is 
frequently expected that the group leader would be the 
highest paid man in the group and the department head the 
highest paid man in the department. But this is not neces- 
sarily so, and actually should not be so. A man working in 
a department might be far more valuable to the company 
than the department head. Some advanced research 
organizations recognize that fact and often the department 
head is a relatively young man who can run a department, 
but has not himself achieved distinction in research. On the 
other hand, research men feel that a title comparable with 
the department head would be a just reward for their labors, 
and one or two of the progressive companies are considering 
this matter very seriously. [The Monsanto Chemical Com- 
pany has a very limited group of men who have achieved dis- 
tinction in research and who are listed as ‘‘senior scholars.” 
The salary limitations of senior scholars are not those of a 
department head. Indeed, they can make as much money 
as the company feels they deserve, and some of those men 
are making very handsome salaries. 


Punching of Time Clocks. It goes against the grain of most 
research men to punch time clocks, and yet it is surprising 
how many research organizations insist on it, even for 
department heads or the Assistant Director of Research. 
Actually, the punching of the clock by the senior men of the 
staff is merely to show the average worker that there is no 
discrimination; but although no discrimination is shown in 
that respect, the punching of the clock itself still is repug- 
nant. This is a minor point, but it may create ill-will. 


The Stimulation of Invention. In research there should be 
some tangible way to stimulate inventiveness or ingenuity. 
This is extremely difficult, and actually the author knows of 
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no system which is completely satisfactory. We all know of 
systems which work very well in the production field: For 
example, if a man in the Lincoln Electric Company shows 
how to cut production time by a certain amount, he is 
given a percentage of the saving made by the company. In 
research, however, it isnot so easy. Ifacertain company is. 
expected to design two machines, the sale of one expected to 
be 50,000 and the other 500,000, and this fact is known ahead 
of time, a department head would assign a designer, or 
engineer, to each project. Clearly, then, if both do an 
equally good job, the income from the one would be ex- 
pected to be a great deal more than the income from the 
other, if a bonus is paid on the basis of company returns. 
But this would not be fair, because in the first place, if both 
engineers had been reversed in position, they probably 
would have done equally well. On the other hand, a bonus 
paid to the entire staff is also not completely satisfactory 
because non-contributors reap the profit from those who are 
contributing. 

Because of the difficulty of measuring the real output of 
creative workers, research management may take the easier 
course of establishing job classifications with fixed price 
ranges and other similarly leveling expedients. While this 
may make for easier management, it certainly does not 
create maximum effectiveness of the group. 


Patent Troubles. ‘There often is friction between designers 
and others as to who should receive credit for patents. 
Where engineers work as consultants on such projects, to 
avoid possible jealousy, they frequently step out of the pic- 
ture and let the designer take full credit. In some com- 
panies, it is mandatory for every man to keep a diary show- 
ing clearly what he invented, when he did it, and by whom 
it was witnessed. ‘The author knows from practical experi- 
ence that it is almost impossible to get the average engineer 
to keep such diaries and to put in them what should be there. 
Where such a conflict does arise between two men who claim 
priority, it is generally expedient for the department head to 
leave the decision to the patent attorney. Where the 
department head makes a decision on priority, he generally 
makes an enemy, or at least he leaves someone in his depart- 
ment with a feeling that the boss is spreading favoritism. 
When it has been pointed out to various people that they 
must keep such records, and they have not done so, and as 
a result of their negligence, they cannot convince the pat- 
ent attorney of their claims, they have only themselves to 
blame. 


Staff of Machinists. ‘The number and caliber of the ma- 
chinists should be adequate to keep the demand for parts 
moving quickly. ‘Too frequently expensive research men 
must waste time waiting for parts from the shop. Be- 
cause the machinists in many research organizations are 
controlled by the production staff, it is easy for the machine 
shop foreman to build up a backlog of demands, and thus 
simplify his scheduling problem for men and machines. 
But it creates considerable trouble in the research and de- 
velopment department. 


Minor Irritations. Certain other items which are very 
distasteful to the research worker crop up periodically. 
Most of these are of minor character, but they have a major 
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bearing on morale. The following may be mentioned 


specifically: 

1. Proper parking facilities. 

2. The purchase of minor equipment. 
3. Proper lighting. 
4 


The minimizing of noise and vibration. 


THE INITIATION OF AN IDEA 


An idea may come from almost anywhere. The general 
management may have learned of the doings of a competi- 
tor, or may have analyzed the field and decided to proceed 
in a general direction. Generally, in such instances, a 
budget is set up to investigate the situation, and the picture 
reviewed before the money runs out. The investigation 
may show the idea mechanically feasible but economically 
unsound, or vice versa, so that periodic reviews are in order. 

More frequently ideas are submitted through a suggestion 
system, which may, or may not, be formally set up. The 
author’s experience indicates that unless a suggestion system 
is properly controlled by someone with distinct responsibili- 
ties in the organization, the suggestion system probably will 
not be satisfactory. ‘Too often the suggestion system is con- 
trolled by someone without the necessary breadth of vision. 
In addition, the head of the suggestion system should be 
able to convince a suggester that his idea is not too good with 
out antagonizing him seriously and without dampening his 
spirit to help. Certain suggestion systems are in operation, 
where, at the receipt of a suggestion, a form letter, indi- 
vidually addressed, signed by the Assistant Director of Re- 
search, is sent to the suggester indicating that the idea has 
been received and will be considered. After due considera- 
tion, if the idea is obviously not workable, a second form 
letter is sent out indicating that at the moment the company 
does not feel that it ought to go ahead with the idea for one 
of several reasons, which may be that the company is not 
particularly interested in that field, or that conditions do 
not warrant putting a lot of money into it, or some other 
valid reason. Since there are comparatively few of those 
valid reasons, the form letter becomes rather stereotyped, 
and after a man has received a half dozen or a dozen of 
those, he usually throws up his hands and says, ‘‘I’m 
through. I’m sending in no more suggestions.” For the 
suggestion system to operate satisfactorily, the suggester 
must be given very considerate treatment, called in to explain 
his ideas, and have a round-table discussion on the sugges- 
tion so that if the proposal is no good he will be able to see 
why without feeling that he is being given a brush-off. 
The author has gone through this mill on many an occasion 
in many companies, and in no case has the suggestion sys- 
tem operated to his complete satisfaction. 

Where suggestions are sent in by outsiders, it is common 
practice to set up a separate agency connected with the 
general management to handle the correspondence before 
the engineering department sees it, as a precautionary 
measure. The agency keeps the patent attorneys properly 
informed. 

In general, in such suggestion systems a variable number 
of the suggestions, up to as high as 90 per cent, can be dis- 
posed of immediately as impractical by men of the caliber 
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of a chief engineer. But, of course, such a man ordinarily 
would not want to spend a large part of his time going over 
routine suggestions. ‘Therein lies one of the weaknesses, for 
management may have to go down the line quite a distance 
to find a man who is willing to do the job, and this man may 
be nothing more than a glorified clerk. Such men ruin the 
suggestion system. ‘Thus, the author believes that for a sug- 
gestion system to work satisfactorily the suggestions must be 
examined by a man of some breadth with sound engineering 
training and with the ability to explain to the suggester that 
his idea is not acceptable and still have a friend. In some 
companies a different approach has been adopted with the 
suggestion system headed by a personnel man who has most 
of the attributes but not the engineering qualifications; he 
obtains an engineering analysis from the engineering depart- 
ment when one is called for. As a large part of the sugges- 
tions are of a nonengineering type, even in engineering 
organizations, this might work out satisfactorily. 


BALANCING RESEARCH PROGRESS WITH DEVELOPMENT 


Where research and development are conducted under the 
one head, as is frequently the case, an aggressive manage- 
ment may put the development department in a tight spot 
by weighing progress on a research model and immediately 
expecting that the development would be simple. The 
author knows of more than one case where, on the basis of 
an incomplete research apparatus, the management sold the 
finished article in quantities before the development depart- 
ment even had considered the subject. Because of the time 
elements involved and the promise of delivery on a certain 
date, the development department had an extremely diffi- 
cult time getting the things done. This, of course, is one 
way of putting the development department on its mettle, 
but it is also somewhat questionable. 


CHECKING DEPARTMENT 


In many progressive organizations today, because of the 
lack of training in the shop ordinarily acquired by the young 
machine designer, it is growing more common to have an- 
other department set up to check the drawings prepared by 
the development department and to change them, where 
necessary, to meet the particular possibilities for that fac- 
tory, and to simplify, where possible, or to reduce production 
costs. This particular department ordinarily would be 
made up largely of men with extensive shop experience and 
a strong practical viewpoint. They also must be in close 
touch with the production departments and thus are half- 
way between development and production. There is a 
tendency in such a department for men to change designs 
largely on the basis of their own whims because they feel 
that a particular design of theirs would be cheaper than that 
proposed by the previous designer. This type of practice 
should be discouraged because, in many instances, the 
original designer knew what he was doing. 

In summary, it may be said that many typical defects in 
research and development organizations have been brought 
out in the open, with occasional suggestions for solutions. 

If a responsive chord has been struck in the minds of any 
of those reading this article, then it will have served a useful 
purpose. 
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A 3,000-Horsepower Gas Turbine Power Plant 
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HE 3,000-horsepower gas turbine power plant de- 

scribed herein has a turbine which is divided into two 
parts: one drives the compressor and the second drives the 
load. 

The components of the plant are a 3-stage mixed-flow 
compressor having a pressure ratio of 6 to 1, a 5-stage axial- 
flow turbine to drive the compressor, and a 3-stage axial- 
flow turbine to drive the load. Six combustors are located 
between the compressor and the compressor driving turbine. 
These components are all arranged along a common axis, 
and a by-pass is provided around the power turbine in order 
that the gas-generating portion of the plant may be in opera- 
tion while the power turbine is at a standstill. 

The cycle on which the plant operates is the open cycle, 
series flow without intercooling, regeneration or reheat, and 
has design point conditions of 68 degrees Fahrenheit, 14.7 
pounds per square inch absolute, inlet air to the compressor, 
and 1,300 degrees Fahrenheit inlet temperature to the com- 
pressor driving turbine. 

A complete set of auxiliaries is provided for the plant and 
includes a main and auxiliary lubricating oil pump, a fuel 
oil pump, an overspeed trip, a speed governor, a low lubri- 
cating oil pressure trip, a tachometer, and free wheeling 
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auxiliary lubricating oil pump is driven by the turning 
motor. 

A composite plot of the performance is presented in Figure 
1 in which the variables are output, fuel consumption, power 
turbine speed, compressor and compressor turbine speed, 
and compressor turbine inlet temperature. The plot is 
made for the design ambient air conditions of 68 degrees 
Fahrenheit and 14.7 pounds per square inch absolute as well 
as for fuel oil having a H.H.V. of 18,500 Btu per pound and 
the modifying factors are given for correcting actual operat- 
ing conditions to these standard conditions. Corrections 
are given as factors of each variable. 

Figures 2 and 3 indicate the speeds and temperatures dur- 
ing idling operation and the turbine-inlet temperature drop 
versus compressor-set speed. 


Digest of paper 49-113, ‘‘A 3,000-Horsepower Gas Turbine Power Plant,” recom- 
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Electrostatic Air Cleaning 


in the Textile Industry 
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UST COSTS industry billions of dollars annually 

in spoilage, maintenance, and cleaning bills. Few 
industries are more familiar with this fact than the textile 
industry, where spoilage caused by dirt long has been 
recognized as a major problem. 

Figure 1 illustrates graphically the dust particles that 
abound in the air about us. The larger particles slowly 
settle or can be removed by mechanical filter systems, but 
the smaller particles, which are responsible for much 
damage and human discomfort, were, until comparatively 
recently, almost impossible to remove. The development 
of the electrostatic air cleaner, however, has made possible 
standards of industrial cleanliness heretofore impossible to 
achieve economically. Experience has shown that sub- 
stantial monetary savings almost invariably follow the 
installation of electrostatic air cleaners in textile plants. 


DEVELOPMENT OF AIR CLEANERS 


The effect of electrostatic fields on smoke particles in 
air was first observed in 1824. In 1884, Sir Oliver Lodge 
used electrostatic precipita- 
tion in the solution of a lead 
smelting problem. The first 


With a cleaning efficiency of 90 per cent or 
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this action. While the Cottrell-type precipitator requires 
30,000 to 100,000 volts for proper operation, the Westing- 
house precipitator places a charge on the air-borne par- 
ticles in a chamber which is independent from that which 
collects the particles. By using this 2-stage principle, pre- 
cipitators requiring a maximum of 13,000 volts have been 
made possible. 


PRECIPITRON COMPONENTS AND OPERATION 


The electrostatic precipitator developed by Westinghouse 
and sold under the trade name of Precipitron, the electronic 
air cleaner, consists of three essential elements: ionizer, 
collector cell, and power pack. The ionizer, probably 
the most important of these elements, places a positive 
electric charge on air-borne particles without the creation 
of excess ozone. It consists of tiny parallel tungsten wires 
spaced in line with parallel tubes at ground potential. A 
high positive direct voltage on the ionizer wires causes the 
space between the wires and the rods to become saturated 
with free positive ions. Particles pick up a surface positive 
charge as they are blown 
through this ionized space. 
After passing through the 


practical installation was better, electrostatic air cleaners have reduced ionizer section, the air flows 
made by Dr. Cottrell in 1906. spoilage in textile manufacturing to such an between oppositely charged 
The Cottrell precipitator extent that they quickly pay for themselves. plates in an_ electrostatic 
since has been used exten- Besides giving history, operation, and applica- chamber, where the dirt 
sively in the precipitation of tion data, this article points out the health particles are deposited on 


particles from flue gases. 
Many practical modifications 
of this precipitator have been 
designed and marketed. 

Not until 1933 was a practical electrostatic precipitator 
designed in which ozone generation was low enough to 
permit its use in ventilating systems supplying air for 
human consumption. This new precipitator was de- 
veloped at the Westinghouse Research Laboratories. 

Westinghouse proved that electrostatic precipitation could 
remove microscopic air-borne particles which could not 
possibly be removed by any conventional mechanical filters. 

Electrostatic precipitators place an electric charge on air- 
borne particles, then deposit them on an oppositely charged 
surface. See Figure 2 for a diagrammatic illustration of 
Full text of a District paper presented at the AIEE Southern District Meeting, Birming- 
ham, Ala., November 3-5, 1948. Also presented at the AIEE Conference on Electrical 


Engineering Problems in the Textile Industry, Georgia Institute of Technology, 
Atlanta, Ga., May 27-28, 1949. 
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Birmingham, Ala. 
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the negatively charged plates. 
There they remain until the 
plates are washed. 

. The collector section is 
made up of metal plates parallel to the air flow, the spac- 
ing between plates being approximately 5/16 of an inch. 
Alternate plates are charged at 6,000 direct volts. 

The third essential element is the power pack. The 
most economical power pack so far developed is a modi- 
fication of the standard voltage-doubling electronic circuit. 
Two voltage leads are brought out, one supplying 13,000 
direct volts for the ionizer section, the other supply- 
ing 6,000 direct volts for the collector section. The 
wattage dissipation is small, being approximately 15 watts 
per 1,000 cubic feet per minute. 

Electrostatic air cleaners of this type are approved by 
the Underwriters Laboratories, Inc., from the standpoint 
of both electrical shock and fire hazards, when they have 
been installed and operated according to the manufacturer’s 
recommendations. 

Dirt deposited in the collector cell plates must be removed 
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at regular intervals, usually of three to six weeks duration. 
The simplest and most economical method of dirt removal 
yet devised consists of merely spraying the collector cell 
with water which washes the dirt down the drain. 

For small installations, the most economical method of 
removing this dirt is to hose the cell and ionizer by hand. 
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Figure 1. Rate of fall, size, and distribution of air-borne particles 


Compiled from Stokes Law 


One operator can hose down a 1,000-cubic-feet-per-minute 
section in approximately ten minutes. 

After the collector cells and ionizers have been washed 
free of dirt, an adhesive is sprayed on which makes it 
possible for the cell to hold much larger quantities of dirt 
between washings. The latest development in adhesives 
is fireproof and nonoxidizing. It may be sprayed on 
immediately after washing, allowing the unit to be placed 
back in service in a minimum of time. 

For larger installations of 40,000 cubic feet per minute 
or more, automatic washers and adhesive applicators have 
been found to be economical. These washers are con- 
structed in such a way that a column of cells can be sealed 
off, washed, and adhesive applied while the remainder of 
the cells are in operation. 


TESTING ELECTROSTATIC AIR CLEANERS 


The introduction of electrostatic air cleaners rendered 
obsolete accepted test methods conducted on a weight 
basis. These tests were on artificial dust arrangement, 
whereas cleaning devices usually are installed to clean 
normal atmosphere air. A blackness or discoloration 
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test, developed by Westinghouse Research Laboratory 
engineers with refinements by the National Bureau of 
Standards, provides greater accuracy, approximates an 
active particle count, and is made without the addition of 
artificial dust. Enough air is drawn through sampling 
tubes from the dirty and clean air sides of the air cleaner 
to form equal discolorations on filter papers. By com- 
paring the volumes of air, an index is found which gives 
the efficiency of the cleaner. Electrostatic air cleaners can 
give an efficiency of 90 per cent or better by such a test, 
whereas the best mechanical-type filters will give only 
10 to 20 per cent efficiency when subjected to the same test. 
This difference is shown in Figure 3. 


TEXTILE PLANT APPLICATIONS 


Electrostatic air-cleaner components are manufactured 
in standard sizes which may be combined to form units of 
any desired size and air handling capacity. 

Electrostatic air cleaners in textile plants can be justified 
on the basis of improved product quality, reduced main- 
tenance costs, and improved comfort and health conditions. 
They usually are installed in one or more of three general 
types of systems: 


1, Central systems, which supply entire sections of the plant with 
air, cleaned and otherwise conditioned in line with plant process 
requirements. Such an installation is diagrammed in Figure 4. 


2. Numbers of small individual forced-air systems frequently are 
installed in a single large room. Each individual system usually 
consists of a large ceiling-mounted duct with electrostatic air cleaner, 
as shown in Figures 5 and 6. 


3. Forced-air systems for the drying of yarn require air that is ex- 
tremely clean. This is particularly true in those installations where 
air is forced through the yarn packages. Electrostatic air cleaners 
offer the best and in many cases the only available means of insuring 
clean air for such applications. 


Electrostatically cleaned air is particularly justified for 
those areas of a textile plant in which the operations of 
throwing, spinning, and twisting are performed. Each 
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Figure 2. Diagram of electrostatic air 
cleaner 


A foreign particle passing through the field at 
the left receives a positive surface charge. Carried 
into the plate assembly at the right, it is drawn 
out of the air stream to a plate of opposite polarity 
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of these operations involves high-velocity motion of yarn 
through air, generating high static charges which attract 
atmospheric dirt particles. These are mostly carbon par- 
ticles which are twisted into yarn, causing permanent 
discoloration. In addition both yarn and filament break- 
ages cause loose ends to be thrown about at high velocity, 
attracting microscopic dirt particles. This results in sec- 


Figure 3. Filter paper through which 10,000 cubic feet of (left 
to right) uncleaned air, mechanically cleaned air, and electro- 
statically cleaned air was passed in blackness test 


tions of yarn of greater than average grayness. Only the 
removal of atmospheric dust, and oil mist as generated by 
the rapidly moving spindles, by electrostatic air cleaning 
can reduce effectively such inclusion of dirt within the 
yarn. 

To insure a high quality of finished product, many mills 
have found that electrostatically cleaned air is necessary 
in virtually all operations. Contact of the yarn or cloth 
with contaminated surfaces produces dirt smears which 
may be difficult or impossible to remove, resulting in an 
inferior product. 

For example, in 1942 a certain southern textile mill 
produced 1,000,000 yards of rayon-filled crepe, satin, 
and voile per month with a spoilage of 168,000 yards per 
month. Upon installation of electrostatic air cleaners, 
the maximum spoilage dropped to 50,600 yards per month, 
an increase of 14 per cent in top quality production. The 
cost of electrostatic cleaners can be amortized quickly 
under such conditions. 

The drying of yarn frequently involves the direct passage 
of heated air through the yarn package. The package 
itself acts as a filter; any dirt which may be in this air is 
retained by the yarn. Consequently, all possible dirt 
particles must be removed from the process air. The 
electrostatic air cleaner is the most effective device yet found 
for such an application, since it will remove atmospheric 
particles of a size impossible to remove commercially by 
other means. 

An application similar to the package drying described 
in the foregoing is that in which skeins or packages of 
yarn are placed in an enclosure through which hot dry air 
is circulated. Again, dirt may be deposited upon the yarn, 
causing an inferior product. Cleaning of process air 
usually is required. 

In all of the afore-mentioned applications it should be 
remembered that the quality desired in the final product 
is the controlling factor. For example, in materials which 
will be dyed a dark color there is little point in going to 
extremes of cleanliness. Only an examination of each 
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material, textile plant, and the losses due to dirt incurred 
therein, will determine the extent to which the removal of 
atmospheric dirt particles and the accompanying costs can 
be justified. 

In order to obtain best results, both make-up air and 
recirculated air should be cleaned. Large quantities of 
dirt are brought into the mill on the operator’s clothing and 
shoes, hand trucks, and so forth. In addition, high-speed 
machines usually throw off an oil mist which contaminates 
the surrounding air. Only cleaning of the recirculated 
air Can remove such contamination. An examination of 


the conditions and product should be made to determine 
whether or not it is justifiable to clean all or only the make- 
up air in any given installation. 

To prevent infiltration of contaminated air, a positive 
static pressure should be maintained by sealing the room 


Figure 4. Cutaway view of large electrostatic air cleaner in- 
stallation showing basic components 


Electrostatic air cleaner installed in an individual self- 
contained forced air system 


Figure 5. 


Several such systems may be installed in one large mill area, as shown in 
Figure 6 
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Figure 6. 


and allowing the excess air to escape from the room through 
relief dampers. 


REMOVAL OF LINT 


The most important problem in textile applications is 
that of lint, particularly in cotton and woolen mills. Un- 
fortunately, electrostatic air cleaners are not designed for 
lint removal, as the filaments tend to align themselves 
perpendicular to the charged plates and as a result may 
cause intermittent electrical breakdown and arcing between 
the plates. 

This increased arc-over rate reduces the efficiency 
of operation; and where an extreme arc-over rate is 
encountered, damage to the equipment may result. ‘There- 
fore, it is essential to remove lint from the air prior to 
electrostatic cleaning. For this purpose, a 16- to 20-mesh 
screen has been found to offer an effective solution. A mat 
of lint will collect on such a screen and must be removed 
at frequent intervals in order to prevent blocking of the air 
flow. 

However, since this mat of lint will roll into cylinders with 
a sweeping motion of a broom or brush, its removal from 
the screen is not a difficult or lengthy process. Arc-over 
rates can be reduced by as much as 10 to 50 times merely 
by the use of a screen ahead of the electrostatic cleaner. It 
should be noted, however, that arc-overs usually cannot be 
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Ceiling mounted ductwork of individual air systems; each duct is a self-contained unit 


eliminated completely. An average rate of one arc-over 
every two minutes is not excessive for the usual large 
installation. 

An air washer through which air must pass before enter- 
ing the electrostatic air cleaner provides another method 
for the removal of lint, since the water sprays in such a 
washer effectively trap the lint. However, great care must 
be used to prevent the entrance of entrained water droplets 
into the electrostatic air cleaner... Such droplets will cause 
excessive arcing, corrosion, ionizing-wire breakage, and 
other damage. 


CLEANER AIR, HEALTHIER WORKERS 


Electrostatic air cleaners usually are considered only for 
the improvement in product quality. However, there is 
another feature of these cleaners which is not often recog- 
nized. This is the reduction of air-borne bacteria and 
spores which attach themselves to tiny dirt particles as a 
means of locomotion and existence. These air-borne 
organisms are removed along with the dirt particles, with 
consequent reduction in diseases and certain respiratory 
infections. 

A reduction in man-hours lost because of sickness is 
always reflected directly in plant efficiency, offering addi- 
tional justification for the installation of electrostatic air 
cleaners in textile plants. 
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Vibrating Reed Selectors for Mobile Radio Use 
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Avr type of signaling system! has been developed for 
mobile radiotelephone service in the Bell System. 
The basic selection of this system is performed by the use of 
vibrating reed selectors as described in this article. 


Description of Selectors. The vibrating reed selector has 
magnetic reeds attached to a block to form a small tuning 
fork, the tines of which are about an inch in length. A 
polepiece attached to a small magnet is positioned centrally 
between the ends of the tines. Vibration of the tines takes 
place when the surrounding coil is energized with the proper 
voltage and frequency. ‘Two types are used in the mobile 
radio signaling system; the first as shown in Figure 1 is 
provided with a contact and is used in the mobile station in 
groups of four. The other type of selector is similar except 
that the contact is omitted and this type is used at the fixed 
station to provide filter characteristics. 

The group of four selectors used in the mobile station is 
operated by a common coil surrounding the four selectors. 
The selectors in the group are each provided with a plug- 
type base such that they can be changed as needed. The 
four selectors operating simultaneously, each of a different 
frequency, determine the mobile station number. 

For common carrier mobile telephone service, it appeared 
necessary to be able to select any one of 10,000 stations. 
Such a large number of selections can be achieved in various 
ways including a combination of 32 frequencies taken four 
atatime. The 32 frequencies used are all contained in the 
range from about 350 to 850 cycles. 


Performance Characteristics of Mobile Radio Selectors. The 
suitability of the selectors depends primarily upon their 
sensitivity at their nominal frequencies, upon their selec- 
tivity or discrimination against other frequencies, upon their 
operate times, and upon their stability with temperature and 
time. ‘The first three of these factors in turn depend upon 
the sharpness of tuning or the Q of the vibrating system. 

A Q range was chosen to give a constant bandwidth 
resonance frequency 


Q 


tors throughout the frequency range. ‘This requires that the 
Q vary directly with frequency from about 300 at the lowest 
frequency to about 670 at the highest. An operate time 
always under 0.5 second results from these choices under the 
worst marginal conditions. [The time ¢ required after 
closing the circuit for the fork tines to reach an amplitude a, 
is related to the Q, the resonance frequency /, and the final 


(bandwidth = ) of 1.2 cycles for the selec- 


= aft 
steady state amplitude A as follows: Beales ; | The 
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copper slugs shown in Figure 1 are used to provide electro- 
magnetic damping to obtain the proper values of Q. 

The sensitivity of the selectors depends upon several fac- 
tors in addition to Q, such as the force factor, effective mass, 
contact gap, and the frequency. With four selectors in a 
common coil, about 0.7-milliwatt available power is re- 
quired at each frequency to operate the contacts. 

The frequency of the selectors can be adjusted to within 
0.05 cycle of the wanted frequency by the tuning bars shown 
in Figure 1. Over a temperature range of —40 to +185 
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Figure 1. Vibrating reed selector with contact 


degrees Fahrenheit, the selector frequency changes less 
than +0.5 cycles. 

By bending the tuning bars toward the base of the selec- 
tor, the frequency is increased, and by bending them away 
from the base, the frequency is lowered. This effect is 
the result of changing the effective mass of the reeds. 


Performance Characteristics of Filter Selectors. At the fixed 
station, vibrating reed selectors without contacts are used to 
provide sharply selective filters. This is accomplished by 
an impedance bridge circuit in which the vibrating selector 
is in one arm that is unbalanced by the electrical motional 
impedance of the selector. For this filter application, the 
selectors are given a Q in excess of 1,000 by omitting the 
damping slugs previously described for the mobile station 
selectors. At 15 cycles or more from resonance of the selec- 
tor, the transmission loss is greater than 50 decibels. 
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Transconductance of Electron ‘Tubes 
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LL OF the functions of an electron tube when used as 

an amplifier, modulator, frequency doubler, or recti- 

fier, can be formulated in terms of a plate-current-grid- 

voltage (i-e) characteristic expressed as the sum of constant, 

linear, and square terms ine. ‘The characteristics of actual 

tubes often have such parabolic regions, which can be 

identified easily on a transconductance-grid-voltage (g-e) 

characteristic by observing that the part corresponding to 

the parabola on an 7-e characteristic is a straight line on a 
g-e characteristic. 

The g-e curve is derived from 
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where gde is the space current at v=0, Gv is the amplifying 
component, and the third term is second-order modulation 
current. Higher terms mean undesirable modulation. 

In a pentode and in a triode, when the load impedance is 
low in comparison with the internal tube resistance, the 
performance of a tube over a parabolic range can be esti- 
mated easily from the g-e characteristic, which usually is fur- 
nished by the manufacturer. Referring to Figure 1, the 
fundamental current J, resulting from an input Pcosp¢ is 
I,=GP. The second-harmonic current is 1,,=AgP?/4Ae. 
The second harmonic level of an amplifier tube is H, = 20 log 
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Figure 1. g-e characteristic having principally second-order 
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(1,/lop) =20 log [(Z,—E,)/P]+12. The largest possible 
output current of a frequency doubler occurs when P= Ae/2 
and is ,4,=AgAe/16. The rectified current is J,,=AgP?/4Ae. 
The largest rectified current occurs when P=Ae/2 and is 
Tar = Aghe/16. 

In a modulator, when the input voltage is Pcos pt-+ Qcosgt 
the useful output current is J,.4,=PQAg/2Ae. The 
maximum possible current occurs when P= Q=Ae/4 and is 
Tar = 4g/32Ae. When the modulator is used as a detector, 
P is small and Q=Ae/2. Then, J,.1, =PAg/4 and the con- 
version transconductance is G,=Ag/4. 

In cases where the g-e characteristic departs from a 
straight line, higher-order modulation products are gener- 
ated. If third-order modulation is present, the g-e char- 
acteristic usually sags in the middle by the amount S (see 
Figure 2). 

Then, the effective transconductance becomes a func- 
tion of the input voltage, G,=G+S(P/Ae)?._ At an input 
P=Ae/2, this is G,=G+S5/4. There will be present in the 
output a third harmonic. Its level will be H;=20 log 
(G/S)+40 log (Ae/P)+10. At an input P=Ae/2 this re- 
duces to H;=20 log (G/S)+22. 

If fourth-order modulation alone is present, the g-e char- 
acteristic has an inflection point. Referring to Figure 3, 
the fourth-harmonic level of an amplifier will be H,=20 
log(G/D)+60 log (Ae/P)+12. For P=Ae/2, this reduces 
to Hy=20 log (G/D)+30. A rectifier now does not obey 
the square law. The error is AJ,,/I,,=3DP?/Ag(Ae)?. A 
frequency doubler is subject to the same error. In a modu- 
lator, the conversion transconductance is not constant 
G,=Ag/4+3D/8+3DP?2/2(Ae)2. In a heterodyne oscilla- 
tor, a second harmonic appears in the modulator output: 
Its level for the maximum output is H,=20 log J,_)/Ioy_2g= 
20 log(Ag/D)+14. 
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Matching McNary Electrical Characteristics 
With Bonneville Transmission System 
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RRYING out the 

planned orderly de- 
velopment of the Columbia 
River for power, navigation, 
reclamation, and flood con- 
trol purposes, the Federal 
Government has selected the 
McNary Dam site as the next 
major project. The site is 
located on the main stem of the lower Columbia River 
between the present Bonneville and Grand Coulee dams 
and near Umatilla, Oreg. The dam will produce slack 
water 59 miles up the river to a point 32 miles above the 
mouth of the Snake River. The ultimate installed capacity 
of the power plant will consist of 14 generating units rated 
at 73,684 kva each at 95 per cent power factor, thereby per- 
mitting the plant to generate 1,127,000 kw at rated power 
factor, including an overload of 15 per cent which the 
generating units are being designed to handle. Present 
plans call for the installation of 10 to 12 of these units, with 
the balance of the machines to await the development of 
other up-stream plants which will provide sufficient increased 
storage reservoir capacity to justify further installation. 

The McNary Project, being constructed on a navigable 
stream with important navigation as well as power features, 
will be under the authority of the Corps of Engineers, 
United States Army, and hence will be designed, con- 
structed, and operated by that agency. The Bonneville 
Power Administration has the responsibility of transmitting 
and marketing the power and providing for payout of costs 
of the transmission system and those costs of the generating 
station chargeable to power purposes for all Federal multi- 
purpose projects within the Columbia River Basin. Hence, 
the Administration will receive the power generated at 
McNary and will provide the transmission network neces- 
sary to deliver this power to the distant load centers. It is 
vitally interested in the cost features of the dam and generat- 
ing plant which are properly chargeable to power. 

The engineers of both Federal agencies recognized that 
the electrical characteristics built into the generating and 
transformer equipment at McNary would have a great 
effect upon the over-all economy and the operating char- 


Essentially full text of paper 49-209, ‘‘Matching Electrical Characteristics of McNary 
Generators and Transformers with Bonneville Power Administration Transmission 
System,” recommended by the AIEE Transmission and Distribution Committee and 
approved by the AIEE Technical Program Committee for presentation at the AIEE 
Pacific General Meeting, San Francisco, Calif., August 23-26, 1949. Scheduled for 
publication in AIEE Transactions, volume 68, 1949. 
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Low-reactance powerhouse equipment would 

increase costs for the McNary Dam installation 

by $3,200,000. Combining cost analysis with 

network analyzer studies, however, showed 

that this increase would be more than offset 

by transmission-line savings. Over-all savings 
of $7,000,000 are estimated. 
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acteristics of the complete sys- 
tem, and that close coopera- 
tion between the two agencies 
would obtain a combination 
of generating plant and trans- 
mission system which would 
serve the needs of the area 
adequately and total the least 
cost to the Federal Govern- 
Accordingly, the agencies have worked closely to- 
gether to this end. The Corps of Engineers requested the 
Bonneville Power Administration to study and recommend 
the characteristics for the generators and transformer to be 
installed at McNary. This request resulted in the following: 


ment. 


1. The generators should have a transient reactance not greater 
than 32 per cent on the generator rating of 73,684 kva at 95 per cent 
power factor. 


2. Continuous damper windings should be provided that will give 
a ratio of X,"/X,” not greater than 1.1, as determined by tests at 
air-gap excitation corresponding to rated current, power factor, and 
voltage, with X,” determined from ‘2. 


3. The exciter response should be not less than 1.5. 


4. The transformers should have a reactance of not more than 8 
per cent on the bank rating of 169,500 kva with two generators con- 
nected to a bank. 


Following these recommendations, cost figures were com- 
piled by the Corps of Engineers which indicated that the 
transient reactance for minimum-cost machines for the 
McNary installation would be 44 per cent on a base of 73,- 
684 kva. With an additional installed cost of $1,550,000 
for 14 machines, it would be possible to obtain machines 
having the recommended transient reactances of 32 per 
cent. Similarly, reactances for minimum-cost transformers, 
each bank of which is designed to carry the output of two 
generators, would be 13.5 per cent on a base of 169,500 kva, 
but this value could be reduced to as low as 8 per cent with 
an additional cost of $590,000 for seven such banks of 
transformers. Other additional costs would be incurred 
with low-reactance units because of the greater physical size 
of such equipment. These costs included greater invest- 
ment in the powerhouse and crane, and an equivalent 
capitalized value due to lowered generator efficiency. The 
total increased cost for reduced reactances for both machines 
and transformers was calculated to be $3,200,000 including 
all these factors, as compared with the cost of minimum-cost 
equipment. Obviously, a strong justification was needed 
for the expenditure of $3,200,000 for special characteristics 
for the McNary generators and transformers; therefore the 


789 


Corps of Engineers requested the Bonneville Power Adminis- 
tration to prepare this justification. 


SYSTEM STUDIED 


The most satisfactory measure of the benefits to be gained 
from lower reactance facilities at McNary is a comparison 
of the maximum power which can be transmitted over the 
power system with high-and low-reactance terminal equip- 
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Figure 1. Geographical location of McNary Dam and associated 


transmission system 


ment, and a determination of what additional transmission 
facilities must be installed with high-reactance equipment to 
obtain the same stability as with low-reactance equipment. 
These factors were obtained through use of the Administra- 
tion’s a-c network analyzer. 

In making the study, a simple 3-machine equivalent sys- 
tem was devised, which would be expected to act reasonably 
like the actual system. ‘This system is shown as set up for 
various load studies in Figures 2, 3, and 4. The major 
components of this simplified system are indicated geograph- 
ically in Figure 1. Generator and transformer charac- 
teristics are given in Table I. This system consisted of the 
McNary generators and equivalent receiver-end machines 
at Portland and Eugene, with the latter two equivalent 
machines representing the composite effect of all generators 
in the two areas, which experience has shown will act as a 
group for faults which are far removed from these areas. 
The transient reactances and inertia factor selected for 
these receiver-end machines are an approximation of the 
weighted average for all generators and synchronous con- 
densers considered. The reactances of the receiving-end 
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transformers also were based on average values of all trans- 
formers in the area, with an allowance for the reactance of 
the distribution and transmission system between the actual 
generating plants and the high-voltage receiving-end busses 
at Portland and Eugene. 

The transmission network consisted of essentially three 
200-mile 230-kv lines from McNary to the Portland area, 
utilizing 800,000-circular-mil copper equivalent conductor, 
with a sectionalizing station at The Dalles, 110 miles from 
McNary; two 105-mile 230-kv lines utilizing this same con- 
ductor from McNary to Maupin, and one similar line from 
Maupin to the Eugene area, a distance of 140 miles. A 40- 
mile 230-kv line connects The Dalles and Maupin, and the 
equivalent impedance between the Portland and Eugene 
areas represents the impedance of transformers and 115-kv 
lines between the 230-kv busses in these areas. From a 
study of the normal operating power factors of the indi- 
vidual generators in the Portland and Eugene areas and 
including the effects of synchronous condensers, it was pos- 
sible to approximate the power factor at which the equiva- 
lent generators used in the study should operate. The 
power factor of the receiving-end loads then was adjusted so 
that the proper generator power factors were obtained on 
the equivalent network. 

This process might be considered comparable to the add- 
ing of static capacitors on the system for the purpose of 
limiting the reactive requirements on the generating plants. 
Admittedly, the simplified network cannot be expected to 
perform exactly as the actual system, but, as will be pointed 
out later, the net error should be small in view of the 
comparison method used to obtain results. 

In previous studies it had been established that the most 


Table I. Generator and Transformer Characteristics 


Generator Characteristics Transformer Characteristics 


McNary* 

44 per cent Xq’ on 73.68-megavolt-ampere 
base, WR2=186X 106 pound-feet squared 

32 per cent Xq’ on 73.68-megavolt-ampere 
base, WR?=219X 106 pound-feet squared 

14 units at 70 megawatts, 73.68 megavolt- 
amperes, 95 per cent power factor 

Maximum loading, 1,128 megawatts (15 
per cent overload) 

Portland Area 

Xq'=40 per cent on 1,500-megavolt-ampere 
base, H=4 


7 units at 170 megavolt-amperes each 
(for two generators) 

X=8 per cent to 13.5 per cent on 170- 
megavolt-ampere base 


X=30 per cent on 1,500-megavolt- 
ampere base (includes equivalent 
system) 

Eugene Area 

Xq’=40 per cent on 500-megavolt-ampere 
base, H=4 


X=30 per cent on 500-megavolt- 
ampere base (includes equivalent 
° system) 


* W R? includes estimated values for generator plus water wheel. 


severe fault for the system would be near McNary on one of 
the lines to The Dalles, in spite of the fact that the circuits be- 
tween The Dalles and Portland would be somewhat more 
heavily loaded than those between McNary and The Dalles. 
Accordingly, a 3-phase fault was assumed at McNary on 
one of the lines to The Dalles. ‘The faulted line was as- 


‘sumed to be cleared simultaneously at both ends in 31/, 


cycles and reclosed at both ends in 21 cycles through the use 
of microwave relaying and high-speed reclosing. This 
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clearing and reclosing time is about the ultimate which 
reasonably might be expected by the time the McNary 
generation is installed. 


PROCEDURE 


The first step in the procedure was to obtain a load-flow 
diagram of the system using low-reactance generators and 


PORTLAND AREA THE DALLES 
P=259X20 200 Rrhl44X5 
£=1.320/36 at 225.5149 248 GT 1450/87 


1.260/71 


100(34) 
183 (12) 


R=4IX5S 
£\=1390/35 600(150) 
EUGENE AREA 


227.5/515 
MAUPIN 


Mc NARY 


Figure 2. Equivalent system, basic transmission system, low- 
reactance equipment 
McNary reactances Xq’ =32 per cent on 73.68-megavolt-ampere base 
X transformer=8 per cent on 170-megavolt-ampere base 
1,128-megawatt output at McNary 
Maximum swing = 104.5 degrees 


transformers with the 14 machines at McNary loaded to 
1,128 megawatts, including the overload capability of 15 
per cent, then to check the transient stabliity of the system 
for the fault assumed. The result of this procedure is 
shown in Figure 2, which was transiently stable for the fault 
assumed with a maximum swing between machines of 104.5 
degrees. 

It will be demonstrated later that this power swing was 
very close to the transient stability limit, since an increase 
in loading of the order of one per cent of the output of 
McNary would result in instability. In Figure 2 the output 
of McNary was 1,128 megawatts. The three McNary-— 
The Dalles lines carried 610 megawatts, and the three lines 
from The Dalles to Portland carried 652 megawatts. The 
power factor of the output of the Portland and Eugene area 
equivalent generators was held at 85 per cent and 88 per 
cent, respectively, and the voltage at the high-side bus at 
McNary was held at 246 kv, which value had been estab- 
lished previously by other network analyzer studies of the 
original system. 

The second step in the procedure, starting with the identi- 
cal system as used in the preceding paragraph, was to sub- 
stitute high-reactance transformers and generators at 
McNary for the low-reactance equipment and determine 
how far down the loading on McNary must be dropped to 
gain the same degree of system stability as in Figure 2. 
All local loads and receiver-end generators were held con- 
stant, except that the local load at the Portland area was 
varied to control the output of the McNary plant. Assum- 
ing the same fault, clearing time, and reclosing as previously, 
it was found that the output at McNary had to be decreased 
from 1,128 megawatts to 1,012 megawatts, if high-reactance 
equipment is installed at McNary and no new transmission 
lines are constructed. This loading had a maximum swing 
of 102.5 degrees, essentially the same as for that of Figure 2. 
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Assuming identical transmission systems, the permissible 
loading of the generating station was decreased 116 mega- 
watts or 10.3 per cent by the use of high-reactance equip- 
ment as compared to the use of low-reactance equipment. 
The permissible loading on the transmission system from 
McNary to Portland and Eugene was decreased from 978 
megawatts to 862 megawatts by the use of high-reactance 
equipment, a decrease of 11.9 per cent. 

The next phase of the problem was to determine what 
additions must be made to the system so that the generating 
station can be loaded to the 15 per cent overload value of 
1,128 megawatts with transient stability if high-reactance 
equipment is installed. 

Accordingly, a fourth line section was assumed installed 
between The Dalles and Portland, the most heavily loaded 
portion of the system, and the McNary plant was loaded to 
1,128 megawatts by increasing the local load at the Portland 
area. The resultant loading is given in Figure 3. For the 
fault, clearing time, and reclosing assumed previously, this 
system was insufficient as it was unstable. 

Then a fourth line was assumed installed between 
McNary—The Dalles—Portland area, and the system again 
balanced to 1,128-megawatts output of McNary as shown in 
Figure 4, using essentially the same substation loads as in 
Figures 2 and 3. This loading proved to be transiently 
stable with a maximum swing of 101.5 degrees. 

An additional study was made to demonstrate that the 
differences in the angle of maximum swing obtained for 
loadings corresponding to those preceding which are stable 
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Figure 3. Equivalent system, additional transmission line 
between The Dalles and Portland, high-reactance equipment 


McNary reactances Xq'=44 per cent on 73.68-megavolt-ampere base 
X transformers =13.5 per cent on 170-megavolt-ampere base 
7,128-megawatt output at McNary 

System unstable 
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Figure 4. Equivalent system, additional transmission line 


between McNary and Portland, high-reactance equipment 


Reactances and output as given in Figure 3 
Maximum swing = 101.5 degrees 
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do not represent any significant difference in system sta- 
bility, and that these loadings are very close to the transient- 
stability limit. To prove this the system loading shown in 
Figure 4 was increased by only 20 megawatts in the Port- 
land area. This load increase amounts to less than two per 
cent of the output of McNary, but this slight addition re- 
sulted in a change from a stable condition with an angle of 
maximum swing of 101.5 degrees to an unstable condition. 
This indicates that the preceding stable system loadings are 
such that the system stability is practically identical and very 
close to the transient stability limit. 

From these load studies it was concluded that if high- 
reactance equipment is purchase for McNary, it will be 
necessary to build an additional 230-kv line from McNary 
to The Dalles to the Portland area, a distance of approxi- 
mately 200 miles. 


SUMMARY OF NETWORK ANALYZER STUDIES 


1. With three 230-kv lines between McNary and the Portland area 
and low-reactance equipment at the generating station, the system is 
transiently stable for the full 1,128-megawatt output of McNary in- 
cluding the 15 per cent overload. 


2. With the same transmission system as the foregoing but with high- 
reactance equipment at the generating station, the output of McNary 
must be reduced to 1,012 megawatts to assure transient stability, a 
decrease of 116 megawatts or 10.3 per cent of the total output of the 
generating station. The corresponding decrease in the permissible 
loading on the McNary-—The Dalles lines was 11.9 per cent. 


3. To assure system stability for 1,128-megawatt output of McNary 
using high-reactance generators and transformers, it will be necessary 
to construct a fourth 200-mile line from McNary to The Dalles to 
Portland. 


4. System loadings in all these cases are essentially identical from the 
point of view of transient stability and are very close to the transient- 
stability limits. 


5. While the method used in the individual studies may have in- 
herent error due to over-simplification and inability to get exact 
equivalents of the receiving-end portion of the system, the conclusions 
of the study are formed by obtaining incremental capability of the 
system through comparison of two or more studies; therefore possible 
inaccuracies should almost all cancel out. 


COST ANALYSIS 


A cost analysis of the system was made for two cases, the 
first having low-reactance equipment and one less trans- 
mission line as shown in Figure 2;_ the second having reac- 
tance corresponding to minimum-cost generators and trans- 
formers but with the additional transmission line as shown 
in Figure 4. 

In order to minimize any possible inaccuracies, the 
method of obtaining incremental costs in the transmission 
system and in the generating station was used to determine 
the benefit-to-cost ratio. A summary of this cost study is 
given in Table II. Information for costs in the generating 
station was supplied by the Corps of Engineers and included 
factors for increased powerhouse and crane cost and capital- 
ized values of energy lost due to reduced machine efficiencies 
when low-reactance equipment was being considered. For 
the transmission system a capitalized value for the increased 
transmission losses caused by the use of one less line was 
included. 

The results of this study indicated a very large saving in 
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the transmission system and a net over-all saving to the 
government of over $7,000,000 through purchase of low- 
reactance equipment at McNary, even though the value of 
increased equipment cost would be over $3,000,000. The 
benefit-to-cost ratio is of the order of 3.2, which would indi- 


Table II. Cost Analysis 


Transmission Line 
Cost of additional 230-kv line with four circuit breaker 
positions in lieu of low-reactance powerhouse equipment 
at 1948 cost values using 800,000-circular-mil equivalent 
copper conductors 

McNary-The Dalles section—1i10 miles at $48,000 


per mile—includes right-of-way and clearing........... $5,280,000 
The Dalles—Portland section—90 miles at $62,000 per 
mile—includes right-of-way and clearing............+. 5,580,000 


Four 230-kv circuit-breaker positions at $218,000....... 870,000. ..$11,730,000 
Subtracting capitalized value of additional line losses by 
having one less line in service with incremental loss of 
peak firm and peak secondary power from Figures 2 and 
4=12,400 kw. Average value per peak kilowatt incre- 
mental loss: $5.67 per kilowatt-year. Interest, replace- 
ment, and operations and maintenance 4.8 per cent. 


12;400X 5.67 /0.048). citisiec emrcineionspereteie ieteraysicls lo ayatatciorete i sisiaisisteieteteleioiaiw nl 5 400,000 
Net system savings available for reducing powerhouse 
Equipment reactances ic.< sisters soleil sioleielsleler lets ele! aie elelelalerofelatelsareteVetattstets $10,260,000 
Powerhouse Equipment 

Increase cost of 14 generators because of reduced 

reactance and increased installation cost............... $1,550,000 

Increased cost of seven transformers because of reduced 

reactance and increased installation cost............+++ 590,000 

Capitalized value of lower generator efficiency due to 

low-reactance generators. Estimated reduction in 

efficiency, 0.4 per cent. Value at $185 per installed 

kilowatt. $185X70,000X14X0.004..............0005 730,000 

Estimate of increased powerhouse and crane cost due 

to low-reactance equipment...........0..ceseeeeeeeee 300,000 
Increased cost chargeable to low-reactance equipment..........-.-.++ 3,170,000 
Net, Over-all Savings cicccercleinyaiersre ee ie\nsereis/sielal eval afere stale letclsvereletsieisretcistet $ 7,090,000 


cate that from an economic standpoint still lower machine 
and transformer reactances could be justified. This was 
considered; however, physical size of the equipment became 
a determining factor. For example, transformers with 
eight per cent reactance are the largest which could be con- 
veniently shipped as a unit—any larger size would have to be 
assembled in the field. There are physical limitations in 
the generating unit also which resulted in the manufacturers 
recommending against going to any larger size. However, 
the high ratio of benefits to cost obtained through lowering 
the reactances of the McNary generators and transformers 
does appear to justify fully the obtaining of low-reactance 
equipment for this plant. 


CONCLUSIONS 


It is believed that the results of this study will be of major 
interest to the industry, for while most engineers agree that 
low-reactance equipment should be used, the question of 
justifying such equipment economically nearly always pre- 
sents a major problem. It is recognized that each project 
becomes an individual problem to be studied in accordance 
with the peculiar conditions arising, for it is the combined 
system, including both transmission and generation, which 
must be studied. This article presents, in our opinion, 
a very satisfactory method of investigating and solving this 
type of problem. We believe this method can be applied. 
successfully in many cases. 
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An Analysis of Magnetic Recording 
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AGNETIC recording is the process of transforming 
electric impulses, varying with time, from an electric 
circuit to a succession of fixed magnetic fields, varying with 
distance, along a filament of ferromagnetic material. The 
magnetic-field space variations are closely proportional to 
the time variation of the original electric impulses for good 
recording. The transformation of electric impulses to 
variations in magnetic field 
along a wire or tape is ac- 
complished by passing the 
ferromagnetic wire or tape 
across an air gap in the 
iron core of an electro- 
magnet energized by cur- 
rent impulses passing 
through the coil of the elec- 
tromagnet. Passing the 
magnetized wire or tape 
across the air gap of a simi- 
lar electromagnet causes a 
voltage to appear across 
the terminals of the coil 
of this second electro- 
magnet. ‘The first electro- 
magnet, used for impressing 
the electric impulses upon 
the magnetic 
medium, is called the re- 
cording head. ‘The second 
electromagnet referred to, used for retranslating the stored 
magnetic impulses into electric impulses, is called the play- 
back head. 

Figure 1A shows the signal to be recorded as a sine wave 
of current in the coils of the recording head; Figure 1B shows 
an enlarged view of the recording wire or tape. The small 
arrows represent symbolically the alignment of the so-called 
‘molecular magnets.”” Immediately below the wire or 
tape, the recording head is shown with flux lines threading 
its core. ‘The bottom leg of the core is surrounded by an 
energizing coil. The pole tips are marked with an assumed 
polarity indicated by the symbols V and S. The play-back 
signal produced by this passage is shown in Figure 1C. 

Among the most important considerations are those of 
the magnetic characteristics of the recording medium itself. 
For each reversal of polarity, the medium is subjected to 
magnetic changes described by the familiar hysteresis loop. 
Because of the nonlinear characteristic of the hysteresis 
loop, the relation between the impressed magnetic field 
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strength, H, and the residual induction, B,, suffers a severe 
distortion unless a so-called biasing magnetic field of a con- 
stant frequency much higher than the signal frequency is 
impressed simultaneously with the signal to be recorded. 
The various component characteristics influencing the 
over-all fidelity of a magnetic recording system are 


1. Magnetic skin effect in the magnetic circuit of the recording head. 


RECORDED SIGNAL 
ts 


| 

DIRECTION OF RECORDING ——» 
| | | 
| | | 


| EFFECTIVE MAGNET LENGTH | EFFECTIVE MAGNET LENGTH | 


recording C ee PLAY- BACK SIGNAL — 


Figure 1. Diagram illustrating theory of magnetic recording 


Magnetic skin effect in the play-back head. 

Influence of the air-gap length in the play-back head. 
Demagnetization effect. 

Recording circuit impedance. 

Play-back circuit impedance. 
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Experimental evidence shows that magnetic skin effect as 
a function of core lamination thickness is more important 
than had been believed previously. High-frequency cut- 
off can be raised considerably by using very thin lami- 
nations. In this connection, The Franklin Institute, under 
contract to the Special Devices Center, United States 
Navy, is constructing a series of recording and playback 
heads to determine the optimun thinness of laminations. 

The criteria for judging the operating excellence of a mag- 
netic recording system are the frequency response curves of 
the fundamental frequency, harmonic distortion, and the 
noise content. ‘The operating factors influencing the output 
characteristics are the frequency and amplitude of the bias 
current, the frequency and amplitude of the signal current, 
the wire velocity, the air-gap length, the characteristics of 
the recording medium, and the characteristics of the record- 
ing and play-back heads. 
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Equivalent Circuits for Power-Flow Studies 


J.B. WARD 
ASSOCIATE ATEE 


ETWORK ANALYZER STUDIES of power-flow 
conditions on large interconnected systems frequently 
require preliminary simplification and reduction of the 
network because of the limited number of analyzer circuits 
and sources available. Even in smaller systems which do 
not exceed the capacity of the analyzer being used, it is 
sometimes desirable to represent in detail only a portion of 
the system, simplifying the remainder by use of equivalent 
circuits for the purpose of speeding up studies on the portion 
of primary interest. Simple equivalent circuits can be 
devised for extensive power networks by adopting the view- 
point that in power-flow studies the system generation and 
loads approach, as an approximation, constant-current 
quantities. The network being simplified may contain 
numerous loads and generators, but the equivalent circuit 
derived by this method retains the identity of only the tie- 
line terminals or points of interconnection with the detailed 
setup. The line network of the reduced system is replaced 
by an equivalent mesh network between retained tie-line 
terminals. If m is the number of such terminals, this mesh 
network in general will consist of m(m—1)/2 branches. The 
effects of the suppressed generators and loads are repro- 
duced by an equivalent generator or load at each tie-line 
terminal. An equivalent circuit of this type can be derived 
for a given system either by analytical methods or by simple 
tests on an analyzer setup of the complete network which is 
to be reduced. The equivalent circuit is flexible in that 
any schedule of internal generation and loads can be repro- 
duced readily without the necessity of repeating the reduc- 
tion or of making additional tests. 

The equivalent loads and generators are determined by 
application of the principle of superposition. Each genera- 
tor and load in the reduced network contributes to the 
equivalent net source or load at each tie-line terminal. In 
treating loads and generation alike as current sources, the 
distinction between them is merely a matter of relative 
phase position of the currents. The contribution of one 
suppressed source at the retained terminals can be deter- 
mined by impressing unit current at that bus with all other 
sources open (loads, generators, and capacitors) and with 
the tie-line terminals short-circuited to neutral. The frac- 
tions of unit current input which leave by way of the 
several short-circuited tie-line terminals are treated as dis- 
tribution factors to apportion at the retained terminals a 
scheduled loading of the bus which is energized. Similar 
distribution factors are determined for each load and 
generator bus in the reduced network. When all genera- 
tion and load is reflected to the tie-line terminals in this 
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fashion, the actual line network is replaced by an equivalent 
network of transfer impedances between the retained tie- 
line terminals. 

Some of the assumptions, limitations, and additional fea- 
tures of the equivalent circuit method are summarized 
briefly in the following. 

1. In most power-flow studies the bus voltages and 
angles in sections of the system which might be replaced by 
equivalent circuits do not vary widely. An initial, normal 
set of voltages and angles can be taken into account ac- 
curately and the assumption made that subsequent varia- 
tions in these can be neglected. 

2. Synchronous condensers, static capacitors, and line 
charging capacitance may be treated as separate sources of 
reactive power or combined with nearby loads or genera- 
tion. 

3. Itis assumed that loads and generation in the reduced 
system operate at a fixed schedule of real and reactive power 
loading. The reactive power output of generators and 
synchronous condensers may be subject, in actual system 
operation, to wide variations, thus introducing a serious 
departure from the constant-current assumption. The 
representation of variable reactive power generation is 
simplified if busses of known, fixed voltage are chosen as the 
retained terminals. Then, only the real-power component 
of the equivalent sources need be determined. 

4. Effects of off-nominal transformer tap settings in the 
reduced system can be reproduced approximately in the 
equivalent circuit. 

5. Ad-c board can be used to determine the equivalent 
line network and distribution factors if it is assumed that 
transformer taps are on nominal ratio and impedance angles 
are uniform. . 

6. The net equivalent sources can be determined by an 
alternative method involving network analyzer measure- 
ments on a setup of the complete network. ‘To obtain the 
net equivalent sources, normal-flow loadings on tie lines are 
combined with the circulating flow appearing in the equiva- 
lent mesh network as a result of the same normal-flow ter- 
minal voltage and angle differences. 

7. If the equivalent circuit calls for several analyzer 
generator units and they are not available, further reduction 
can be made, at the expense of additional line units, to 
evolve an equivalent circuit requiring only one analyzer 
power source. 

8. In applications to power-flow studies, the methods 
are not exact. The degree of approximation involved de- 
pends on the special conditions and characteristics associated 
with individual systems. 

Practical experience with this type of equivalent circuit 
in system studies has yielded good results. The methods 
used seem to be well suited for representing intercompany 
ties. 
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A Telephone Number Recorder 


Fee N ON 


HE WISH to record tele- 

phone calls made during 
the subscriber’s absence is 
a very old one. The prob- 
lem has occupied inventors 
since the time the first pub- 
lic telephone systems were in- 
stalled, as is proved by the 
number of patent applications 
in this field. The various 
devices proposed for this purpose have in common the 
use of a recorder of the type employed in dictaphones, 
together with an arrangement for playing back to the 
caller a short recorded announcement to inform him of 
the absence of the called subscriber and of the fact that a 
recording will be made of any message spoken. The 
devices usually contained various combinations of switches 
and relays to ensure the correct sequence of events in the 
cycle of operation. 

Owing to the many technical difficulties which have 
had to be overcome in their design, recorders of this type 
have not been introduced into practice until quite recently. 
These ‘nstruments, installed in limited numbers in various 
parts of the world, have aroused interest everywhere. 

Their recording, play-back, and announcing systems 
and associated electronic amplifying circuits, together 
with the relatively complex switching arrangements re- 
quired, have led to a machine which is of considerable 
size and weight, and whose cost or rent would appear to 
be considerably beyond the reach of the average telephone 
subscriber. Therefore, these instruments are used mainly 
by businesses and large stores desirous of affording a day 
and night service for the ordering of goods, and so on, 
as well as by doctors who may wish to give their patients 
the facility of recording messages, while they are away from 
their offices. 

To overcome the difficulties arising from the complexity, 
high cost, and large size of automatic recording instru- 
ments of this type, the task of solving the problem of the 
“absent subscriber device’ on an entirely new principle 
was begun. The new approach was based on the con- 
sideration that in the majority of instances, it is sufficient 
to record the telephone number of the caller, instead of a 
spoken message. Thus the subscriber is presented, on his 
return, with a record of the telephone numbers of the 
various callers who have telephoned during his absence, 
allowing him to get in touch with these callers in such 
sequence as he may think necessary, and without the delay 
of listening to a program of messages. 

The development of this idea led to the design of an 


absence. 
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An instrument is described for use on the 
terminals of a telephone to provide a subscriber 
with a printed record of the telephone numbers 
of callers who have telephoned during his 
The instrument is simple to install 
and operate, and is considerably less complex 
and costly than an automatic spoken-message 
recorder. 
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instrument which fulfills the 
important requirements of 
simplicity, smallness, and low 
cost. Before describing the 
various features of the design 
in more detail, the method of 
operation of the new instru- 
ment will be summarized 
briefly. On establishing the 
desired connection with a 
terminal fitted with the apparatus, the caller will obtain 
a ringing tone in the usual way. After a predetermined 
interval of time—which would allow the called subscriber 
to intercept the call had he returned—a distinct signal is 
transmitted to the caller to indicate the presence of a 
number recorder at the other terminal of the line. The 
caller may proceed then to dial his own number, or any 
other number on which he desires to be called back. This 
number will be printed automatically on a strip of paper 
which issues from the number recorder. On his return 
the owner of the apparatus will find the record of this 
number, as well as that of any other calls made during 
his absence. 


INSTALLATION 


An apparatus on the principle described could be 
operated immediately on any private automatic telephone 
system, such as an internal intercommunication system 
in a factory or hospital, or in a railroad or police system, 
and so on. It is believed that recorders of this type would 
have definite attractions from the point of view of the 
telephone operating authorities, as their installation is 
likely to result in a considerable increase in the number 
of chargeable calls. Another important factor is that they 
would tend to reduce the time during which lines and 
exchange equipment are occupied by calls made to absent 
subscribers, obviating, in particular, repeated attempts by 
a caller to contact a subscriber who is absent for a prolonged 
period. 

In its operation the number recorder relies on the 
transmission of transients derived from the original d-c 
pulses sent out by the caller’s operation of the dial. These 
signals are received by the recorder, amplified, reshaped 
and regrouped, and eventually made to operate the printing 
mechanism. The instal!ation of the recorder is simple 
and no equipment or circuit changes would be required 
either at the exchanges or the subscriber’s terminal, other 
than the connection of the instrument to the line and to 
the existing handset. 

A number of experimental models of the new instrument 
were evolved, and in its final form the recorder consists of 
a self-contained unit occupying a volume of no more than 
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one-sixth of a cubic foot. With the exception of the small 
printing mechanism, the instrument contains standard 
parts, and its maintenance consists mainly of changing a 
spool of tape at relatively long intervals. Its power con- 
sumption during the reception of a call is approximately 
30 watts, which is less than that of an ordinary electric 
light bulb. 


OPERATION 


With the line and handset connected as indicated, and 
the provision of a continuous power supply to the instru- 
ment, the number recorder is ready for operation. During 
normal telephone conversations the recorder is discon- 
nected completely by setting a selector key, situated on the 
front panel of the instrument, to the ‘‘phone”’ position. 
On leaving his premises, the subscriber sets the key to 
“record;”? then the handset is disconnected and the number 
recorder is ready to receive calls. No power is consumed 
during waiting periods. On the reception of a call, the 
ringing current from the exchange operates a relay in the 
recording instrument which switches on the power supply 
to an amplifying valve, allowing sufficient time for the 
filament to heat up, and starting up a thermal timing 
device. At the same time, a small pilot light on the front 
panel lights, indicating that a call is being received. In 
addition, a separate bell in the recorder is operated directly 
by the ringing current to call the attention of the sub- 
scriber to the fact, should he inadvertently have left the 
selector key in the “record” position, while he is at home. 
The timing device allows the bell to ring for a period of 15 
seconds; at the expiration of this period, a distinct signal is 
transmitted to the caller for a period of five seconds. 

The significance of this signal, which serves to inform the 
caller of the absence of the called subscriber and the exist- 
ence of a number recorder, of course must be known to 
him. In the case of a private telephone system, the various 
users would be made familiar with the use of the recorder, 
and will dial back the number to be recorded. 

The circuit comprises a further timing device which is 
arranged to release the line and remove the power supply 
of the number recorder after a period of ten seconds, if 
during this period no dialing pulses are received. Upon 
the reception of a new train of pulses, the 10-second cycle 
is renewed. ‘This feature ensures that the line is occupied 
for a minimum time whether use be made of the facility of 
the number recorder, or not. A final tone signal is trans- 
mitted at the end of the last 10-second period, which is 
just prior to the cutting-off of the line, indicating to the 
caller that no further information will be recorded. This 
signal is of the same type as the initial signal, and is timed 
to last five seconds. At the same time, the paper is ad- 
vanced to provide a gap between successive records, and 
immediately upon the removal of the power supply and 
release of the line, the number recorder is ready to receive 
a further call. 


THE PRINTED RECORD 


Several alternative printing processes were considered 
and tried experimentally. The system finally adopted 


is both simple in operation and maintenance. It consists 
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of a single spool of white paper and a strip of special 
carbon paper interwound, both paper and carbon issuing 
through an opening at the side of the case, after passing 
the type wheel and a printing hammer. The capacity 
of the small spool is considerable; the total number of 
calls, for instance, of 7-digit numbers that can be recorded 
on one strip of paper before a refill spool has to be inserted 
is approximately 1,000. It is proposed to employ red 
carbon or paper for the last few inches of tape in order to 
call the subscriber’s attention to the fact that the spool 
needs replacing. Care was taken in the design to make 
the insertion of a new spool a very simple operation, so 
that no special precautions have to be observed. A feeler 
switch could be arranged to prevent the number recorder 
from accepting further calls at the end of a spool, although 
this was not incorporated in the experimental models. 

Regarding the record itself, it is in the form of numerals 
only. An exchange code, therefore, will appear as a 
number, but dialing of this number establishes, of course, 
the correct connection. 


Resonance Radiation 


How do excited atoms in a gas-filled tube behave when 
the power is switched off? Three scientists, working for the 
Westinghouse Electric Corporation, now are investigating 
the problem. Their findings may result in improved 
fluorescent lamps and electronic tubes, and possibly revolu- 
tionary new light sources. 

In a fluorescent lamp, for example, their studies reveal 
that the electric discharge therein does not terminate the 
exact instant the lamp is de-energized. Actually, the 
billions of light-producing atoms within the lamp continue 
to radiate for a few millionths of a second thereafter. This 
short-lived ‘‘posthumous” light, which is termed resonance 
radiation, bounces from atom to atom of mercury until it 
eventually escapes. A more exact knowledge of atom 
behavior during this short interval may unearth new ways 
of adjusting the “‘prison term” of the radiation. New and 
more efficient electronic devices then might be possible. 

At present, the group, comprising Dr. Theodore Holstein, 
Dr. Daniel Alpert, and Arthur O. McCoubrey, is measuring 
the short-term life of radiation by means of a high-speed 
device that can turn ultraviolet light on or off in less than 
one-millionth of a second. When the light strikes a tube 
filled with mercury vapor, such as a fluorescent lamp, the 
atoms inside the tube catch this radiation, become excited, 
and re-emit the same light. The apparatus measures the 
number of times the radiation is tossed from atom to atom 
before escaping from the tube. 

The behavior of entrapped radiation was predicted two 
years ago by Dr. Holstein. His theory has been confirmed 
by the Westinghouse scientists’ experiments. Their re- 
search also will add to the knowledge of what excited atoms 
are doing when the tube is in an energized state. 
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Digests of Papers Presented at 


Conferences on 


These are authors’ digests of some of the 
papers presented at the two special AIEE 
technical conferences on electrical engi- 
neering problems in the textile industry 
that were held in Boston, Mass., May 3, 
1949; and at Georgia Institute of Technol- 
ogy, Atlanta, Ga., May 27-28, 1949. The 
papers are not scheduled for publication in 
AIEE Transactions, or AIEE Proceedings, 
nor are they available from the Institute. 


Tandem Drive for Textile Printing 
Machines; L. TJ. Jester (General Electric 
Company, Boston, Mass.). 

The continuous printing of fabrics with 
machines operated in tandem requires care- 
fully co-ordinated adjustable speed drives. 
Electric drives offer several advantages and 
are generally used in preference to mechani- 
cal drives on modern range installation. 

Printing machines apply colors in various 
designs to continuously moving fabric sur- 
faces. ‘The printing machine today consists 
of a large drum or print cylinder which carries 
cloth to be printed. Around its circumfer- 
ence are mounted 1 to 16 engraved color 
rolls, all rolls being driven from a drive 
gear. Other parts of the machine which 
carry gray or white goods consist of draw 
rolls, dry cans or air dryers, winders and 
folders, all of which must be driven in syn- 
chronism with the cloth as it enters or leaves 
the printer. Storage scrays are sometimes 
inserted at the entrance or exit to the machine 
to facilitate continuous operation. 

The first drives consisted of belts and 
pulleys operating with a clutch and receiving 
power from a line shaft to drive the various 
units. These drives left something to be 
desired since they were noisy, bulky, and re- 
quired excessive maintenance. Many ma- 
chines actually transferred the motive power 
from the line shaft or single motor drive 
through the material to be printed, to the 
backing cylinder to which were attached 
pulleys and belts furnishing motive power for 
the remainder of the units. This method 
placed undue strain on the cloth since print 
rolls had to be set with sufficient pressure to 
prevent slippage while driving the machine. 
These foregoing factors led to an analysis of 
the drive in an attempt toward improvement. 

Operating requirements such as adjust- 
able speed, slow and stepless acceleration and 
deceleration, low threading speed, elimina- 
tion of line shafts, belts, and pulleys, close 
tension control, and so forth, pointed to an 
adjustable-voltage Ward-Leonard type of 
tandem drive. A motor-operated genera- 
tor-field rheostat was selected to provide 
gradual but fairly rapid acceleration and 
deceleration. ‘“‘Soft’? motors were used at 
all points except print machine and dry cans 
since they give reasonably constant cloth 
tension over therequiredspeedrange. Load- 
indicating ammeters were installed on the 
motors to enable operators to control tension 
more accurately. 
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In order to provide accurate speed control 
at the critical point between the printer and 
dry cans without contacting the cloth, a 
tachometer generator is attached to a drag 
roll at the entrance to the printer and a 
second attached to the dry can motor. The 
voltage signals from these two units are com- 
pared and inserted in an electronic circuit 
which controls and partially supplies the 
field of the dry cans motor, thereby insuring 
accurate speed control at the critical point. 

A surface winder for the gray goods is 
provided since it requires no special control 
scheme to vary speed in order to hold tension 
as the roll builds up. The printed goods are 
folded after passing through the dry cans. 

Draw roll motors at the scray entrance are 
provided with 50 per cent increase above 
basic speed to enable scray to be filled while 
machine is operating at high speed. Field 
control of 25 per cent above basic speed is 
provided for the remainder of the motors to 
permit vernier adjustment between units and 
to take care of change in print roll diameter 
occurring before print roll pinion change is 
necessary. 

A complete set of operators controls was 
provided for mounting near the printer. 
These consisted of manually adjusted genera- 
tor field rheostat for preset speed control, 
master control station containing RUJ- 
THREAD-JOG-STOP-SAFE-RUN _ func- 
tions, cloth speed indicator, and draw ad- 
justing potentiometer for dry cans. Tan- 
dem-OFF stations were mounted near indi- 
vidual motors and emergency stop push 
buttons actuating dynamic braking installed 
at strategic points. 

Individual drive for each unit permits 
installation of simple metering equipment 
which can give reasonable indication of cloth 
tension as it progresses through the machine 
thus an additional means of quality control is 
present which cannot be easily included or 
adjusted in a line shaft or belt and pulley 
drive. 


The Ratio Meter and Speed Ratio Tachom- 
eter as Applied to Textile Production; 
Raymond T. Pierce (Weston Electrical Instrument 
Corporation, Newark, N. J.). 

Before we can appreciate how a speed 
ratio tachometer or percentage stretch indica- 
tor operates, it is necessary to understand the 
principle of operation of the ratio meter. In 
the past, a differential meter has been used 
and calibrated in per cent. This will be 
correct for one condition only where there is a 
fixed reference base line for one side of the 
differential circuit. It will not be correct, 
when both sides are variable. 

The ratio meter resulted from a war-time 
requirement for measuring relative low 
temperatures on aircraft engines which had 
to be shown on a rugged panel instrument. 
This dictated the use of the resistance bulb 
method of temperature measurement, but 
we had to solve the problem of giving correct 
readings under conditions of direct voltage 
variations of 20 per cent. 

Ratio meters had been built but none on 
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the permanent magnet moving coil principle 
which operated on current values low enough 
to prevent local heating in the resistance bulb. 

The ratio meter that was developed was 
similar to the conventional permanent mag- 
net moving coil instrument mechanism with 
the following exceptions: 


1. There are two moving coils placed end to end, pass- 
ing through a hole in the center of the core. 


2, The air gaps in which the coils turn are not uniform 
but are identical on each side of the vertical center line. 
This is accomplished by moving the core out of center 
along the vertical center line. 


3. There are no control springs. 


4. The torque of one coil opposes the torque of the 
other. 


If the current in each coil is the same, the 
torques balance with the coils in the horizon- 
tal position. If the current in one coil in- 
creases, the torque moves this coil into a 
weaker magnetic field and the other coil into 
a stronger magnetic field until the torques 
balance. The instrument, therefore, indi- 
cates the ratio between the two currents. 

This mechanism has been placed in a 
large switchboard instrument case with a 
transformer and rectifier to provide an indus- 
trial remote indicating resistance bulb ther- 
mometer which is unaffected by changes in 
control voltage. It can be connected to any 
115-volt 60-cycle circuit. 

A flat fast-acting resistance bulb is pro- 
vided which will measure surface tempera- 
tures of yarn in a slasher, fabrics, and the like. 

This instrument provided the answer to the 
problem of making a percentage stretch indi- 
cator. We have had available for many 
years a d-c tachometer generator which 
produced a voltage proportional to speed. 
By gearing one of these to the input roll and 
an identical generator to the output roll, the 
instrument was connected to these generators 
to indicate the ratio of the two speeds and was 
calibrated in terms of per cent stretch. 

This same system has been used on san- 
forizers to show shrinkage, on rug sizing 
machines to control the amount of sizing 
deposited, on range finishing machines to 
show synchronization, and on other applica- 
tions where the ratio of two speeds or two 
electrical quantities gives useful production 
information. 


Electronic Instrumentation as Applied to 
the Textile Industry; L. E. Cuckler (Minneap- 
olis Honeywell Regulator Company, Brown In- 
strument Division, Philadelphia, Pa.). 

During the last few years, electronics have 
become an important industrial tool in the 
textile industry, particularly in continuous 
processes. An example of a widely used 
electronic application may be found in the 
continuous balance potentiometer. This 
Electronik potenticmeter is more than seven 
times as sensitive as the mechanical instru- 
ment and furthermore follows changes in a 
process as they occur rather than trying to 
catch up with them afterwards as the me- 
chanical does. 

The Electronik potentiometer is a very 
versatile instrument. It is used for the 
measurement and control of temperature, 
moisture, regain, viscosity, pH, humidity, 
stretch, stress, speed, and many other vari- 
ables by the use of various primary sensing 
devices. 

Of particular interest to the textile indus- 
try is the Moist-o-Graph which employs the 
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d-c conductivity principle for the measure- 
ment of moisture regain in warp yarn on 
slashers. The magnitude of a direct current 
which passes through the yarn bears a defi- 
nite-relationship to the moisture content of 
the yarn. This current is measured and 
recorded by the Moist-o-Graph. 

There are two common methods of regain 
control employed on slashers. The most 
frequently used is speed control by the inter- 
locked system (where the Moist-o-Graph regu- 
lates the set point of the dryer temperature 
controller) is receiving increased attention. 
In the second system, the speed is set at the 
optimum rate for the type of yarn being 
slashed. 

Both viscosity and pH measurements re- 
quire special sensing elements. The vis- 
cosity unit is of the rotational type which 
measures viscosity by the torque required to 
rotate the measuring element. pH is meas- 
ured by glass electrodes which feed their 
signal to a preamplifier. 

Surface temperature of textile materials 
now can be measured by a low temperature 
radiation pyrometer and direct relative 
humidity measurements can be accomplished 
by means of a Dunmore element. Both of 
these devices are employed with an Elec- 
tronik instrument. 

Adaptations of strain gauges to the poten- 
tiometer permit textile stress analyses and 
the use of tachometer generators for measur- 
ing speed ratios allows a slightly modified 
instrument to record stretch between any 
two convenient points. 

Electronics are also employed in flame 
failure safety devices either by photoelectric 
cells or devices which utilize flame rectifica- 
tion. Such devices shut off the fuel supply 
automatically whenever the flame fails. 

Another interesting application of elec- 
tronics in instruments used by the textile and 
other industries is in electrically operated 
controllers. The electronic principle in- 
creases control sensitivity and greatly de- 
creases the mechanical power needed to 
actuate the control mechanism. 


Minimum Requirements for Safe Electrical 
Installations in Cotton Mills; C. F. Hedlund 
(Associated Factory Mutual Fire Insurance Com- 
panies, Boston, Mass.). 

Fires occur more frequently in textile plants 
than in any other class of industry insured by 
the Associated Factory Mutual Fire Insur- 
ance Companies. Many of these fires are 
due to causes which are preventable, among 
which electricity is foremost. 

Some of the rules of the present National 
Electrical Code pertaining to electrical instal- 
lations in cotton mills are considered by many 
to be impractical, because the equipment 
that is now required where cotton fibres are 
present in appreciable amounts is too costly. 
The NEMA (National Electrical Manufac- 
turer’s Association) Type 9 enclosure which is 
required for control and protective equip- 
ment in linty areas is very expensive in com- 
parison with the general purpose enclosure, 
consequently the latter is generally used and 
experience shows it is not suitable for most of 
the conditions. Obviously an enclosure is 
needed that will have some of the charac- 
teristics of the NEMA Type 9 enclosure, but 
it should not be much more expensive than 
the general purpose enclosure. It should be 
rugged enough to withstand the abuse that it 
is likely to receive and tight enough to pre- 
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vent the infiltration of lint. The NEMA 
Type 7-A semi-dust-tight enclosure is not 
much more expensive than the general pur- 
pose enclosure and it is of suitable design for 
most of the lint conditions but unfortunately 
it is not now commercially available for all 
types and sizes of switches and motor con- 
trollers used in linty areas. 

The minimum requirements for safe elec- 
trical installations call for rigid metal conduit 
in heavy lint areas, such as in opener and 
picker rooms, card and dust rooms, cotton 
bins, lap storage areas, and so forth. Elec- 
tric metallic tubing is permitted in other 
occupancies of moderate or light lint ac- 
cumulations and the installation of wiring of 
any kind is discouraged in low, unsprinklered 
combustible basement areas. 

Where there is considerable vibration, 
such as around looms, Type SO multicon- 
ductor flexible cord is advised with special 
water-tight connectors for the wiring be- 
tween the controller and the motor. 

Bus ducts should not be installed in opener 
and picker rooms, or in areas where lint is 
likely to accumulate inside the bus duct. 

In linty areas motors of the totally enclosed 
type are preferred. For sizes larger than 15 
horsepower, special textile type or enclosed 
pipe ventilated type are advised. Totally 
enclosed fan cooled motors are not -recom- 
mended for use in linty areas. Open frame 
nonsparking induction motors are accept- 
able where lint accumulations are slight. 

Enclosures for motor controllers, switches, 
fuses and circuit breakers, and similar spark 
producing equipment when installed in areas 
of moderate lint accumulations should be of 
the NEMA Type 7-A semi-dust-tight type, or 
the equivalent. In heavy lint areas as in 
dust rooms, enclosures should be NEMA 
Type 5 or better. 

Cord pendent lights should not be in- 
stalled. Pipe pendent lighting fixtures and 
ceiling units are preferred. Fluorescent 
lights should have tight enclosures for the 
ballasts and in areas where the lint accumula- 
tions are severe should be equipped with glass 
covers. ‘The reset type of starter should be 
used generally. Exposed incandescent lights 
should be provided with heavy glass globes 
where cotton lint and flyings are present and 
in cotton bins enclosed in dustproof fixtures, 
approved for Class II Group G locations. 

Electric cranes and hoists supplied from 
bare overhead trolley conductors are per- 
mitted in cotton storage areas with special 
safeguards. 

Ventilated dry type transformers are not 
permitted for use in any area where there are 
combustible lint and flyings present. 


Stroboscope Analysis of Its Modern Auto- 
matic High-Speed Bobbin-Changing 
Dobby Loom; (An industrial film, Crompton 
and Knowles Loom Works, Worcester, Mass.). 

The film represents the initial effort of 
Crompton and Knowles Loom Works with 
respect to education of mill personnel con- 
cerning the operation and function of various 
mechanical and electro-mechanical mecha- 
nisms of the $-6 Automotic Bobbin-Changing 
Dobby Loom. Itshows the action of various 
mechanisms that perform their operational 
cycles in but a fractional part of a second. 

The particular type of automatic bobbin- 
changing dobby loom filmed (designated as 
S-6) was designed to meet the demands of 
the silk, rayon, acetate, and nylon trade. 


Textile Industry Conferences’ Digests 


Electric Power Applications 
in the Textile Industry 


Copies of this publication, spon- 
sored by the AIEE Committee on In- 
dustrial Power Applications, still are 
available. A consolidated reprint of 
four papers, this booklet covers cer- 
tain aspects of the modern use of elec- 
tric power in the textile industry 
such as electrification of the industry, 
power distribution, electric equip- 
ment, and electric drives. 

Orders together with remittances of 
$0.80 per copy ($0.40 to AIEE mem- 
bers) should be sent to the AIEE Order 
Department, 33 West 39th Street, New 
York 18, N. Y. 


The new 16-millimeter black-and-white 
31-minute sound film opens with a full view 
of the S-6 loom in operation. Then each 
major motion of the loom is covered. Con- 
struction and method of operation are shown 
and described. 

Some excellent slow-motion sequences slow 
down such rapid operations as bobbin trans- 
fer, shuttle boxing, and so forth, so that the 
actual happenings may be observed in detail. 
The film describes and shows the operation of: 
dobby, let-off, shuttle inserting filling in shed, bobbin 
magazine (two-cell), electric filling feeler, box motion, 
bobbin transfer, filling cutter, filling end remover, 
vacuum thread collector, center filling-stop motion, 
electric warp-stop motion, crankshaft connections at 
time of protection, bat-wing pick motion, operation of 


pickers at both ends of lay, parallel motion, and floating 
shuttle binder. 


The 16-millimeter high-speed  strobo- 
scopic camera used in filming the slow- 
motion scenes was manufactured by Cromp- 
ton and Knowles Loom Works. The speed 
range is from 240 to 1,200 frames per second. 
When operating at the maximum speed, 
100 feet of film are exposed in approximately 
31/3 seconds. When projected at the stand- 
ard sound-film rate of 24 frames per second, 
the 100 feet of film shot at 1,200 frames per 
second will take approximately three minutes 
to view, or, in other words, 50 times slower 
than the action actually occurred. The 
slow-motion sequences of this film were shot 
at 480 frames per second, or a 20 to 1 reduc- 
tion, a speed amply fast to permit study of 
any motion of the loom. The duration of 
flash is about six to eight microseconds, and 
the effective photographic exposure time is 
from two to four microseconds. 

The camera is of the shutterless type—the 
shutter effect being derived from stroboscopic 
flash lamps which are controlled by a com- 
mutator attached to the film drive sprocket 
shaft, thereby synchronizing each individual 
frame with a flash of the stroboscopic lamp. 
In other words, when shooting at the rate of 
480 frames per second, each stroboscopic lamp 
flashes 480 times per second—one flash for 
each frame that passes the aperture of the 
camera. Therefore, the extreme sharpness 
of each individual frame readily adapts the 
filmed sequence to frame by frame analysis 
as used in engineering studies. ‘The 220-volt 
alternating-current input to the power pack 
is converted and applied to the stroboscopic 
flash lamp at 2,000-2,400 direct volts. The 
power pack has a 15-kw capacity, and can 
carry momentary loads up to 30 kw. 
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Ex-officio 

Chairmen of transfers committees of Sec- 
tions 


Professional Group 
Committees 


Professional Group Co-ordinating 
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W. Scott Hill 
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(Terms expire July 37, 1952) 
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D. S. Bridgman New York, N. Y. 
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H. E. Hartig Minneapolis, Minn, 
A. R. Hellwarth Detroit, Mich. 
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C. E. Tucker Cambridge, Mass. 
E. A. Walker State College, Pa. 
M. L. Waring New York, N. Y. 
S. Reid Warren, Jr. Philadelphia, Pa. 
Lamme Medal 

F. E. Harrell Cleveland, Ohio 
D. A. Quarles New York, N. Y. 


J. B. Thomas, chairman Fort Worth, Tex. 
(Terms expire July 37, 1950) 


J. H. Berry Norfolk, Va. 
T. H. Morgan Worcester, Mass, 
L. A. Umansky Schenectady, N. Y. 

(Terms expire July 37, 1951) 
C. B. Jolliffe Princeton, N. J. 
A. H. Kehoe New York, N. Y. 


J. B. MacNeill East Pittsburgh, Pa. 


(Terms expire July 31, 1952) 


Management 

A. CG. Monteith, chairman, Westinghouse 
Electric Corporation, 306 Fourth 
Avenue, Pittsburgh 30, Pa. 


P. L. Alger Schenectady, N. Y. 
K. P. Applegate Hartford, Conn. 
C. J. Beller Cleveland, Ohio 
R. D. Bennett Silver Spring, Md. 
H. K. Breckenridge Pittsburgh, Pa. 
F. W. Bush Milwaukee, Wis. 
W. L. Cisler Detroit, Mich. 
E. E. Hill New York, N. Y. 
E. L. Moreland Boston, Mass. 
H. A. Peterson New York, N. Y. 
D. A. Quarles New York, N. Y° 
F. M. Roberts Schenectady, N. Y. 
D. D. Smalley San Francisco, Calif. 
O. Van Rye Boston, Mass, 


Prizes, Award of Institute 


C. H. Willis, chairman, Princeton Uni- 
versity, Princeton, N. J. 


D. I. Anzini San Francisco, Calif. 
H. C. Coleman East Pittsburgh, Pa. 
H. L. Davis, Jr. Philadelphia, Pa. 
L. F. Hickernell 

Hastings-on-Hudson, N. Y. 
W. C. Kalb Cleveland, Ohio 
M. J. Kelly New York, N. Y. 
T. G. LeClair Chicago, Ill. 
K. B. McEachron Pittsfield, Mass. 
F, O. McMillan Corvallis, Oreg. 
Ja2Orr New York, N. Y. 
H. I. Romnes New York, N. Y. 
F. M. Sebast Troy, N. Y. 
J. D. Tebo New York, N. Y. 
H. M. Turner New Haven, Conn, 


Registration of Engineers 


Elgin B. Robertson, chairman, P. O. Box 
745, Dallas 1, Tex. 


E. H. Bancker Schenectady, N. Y. 
L. H. Cleary Washington, D. C. 
J. M. Flanigen Atlanta, Ga. 


H. Foote 
L. Freeman 
E. Hobson 
T. Hood 


Jackson, Mich. 
Schenectady, N. Y. 
Stanford, Calif. 
Tacoma, Wash. 
Pittsfield, Mass. 
Pittsburgh, Pa. 
Binghamton, N. Y. 
Denver, Colo. 
Milwaukee, Wis. 
Pasadena, Calif. 
Dallas, Tex. 

New Haven, Conn, 
Brookfield, Ill. 


J. 

N. 

J. 

J. 

K. B. McEachron 
E. W. Oesterreich 
William W, Perry 
L. M. Robertson 
E. W. Seeger 

R. W. Sorensen 
P. G. Wallace 

R. G. Warner 

E. R. Whitehead 


Student Branches 


F, O. McMillan, chairman, Oregon State 
College, Corvallis, Oreg. 

Sterling Beckwith Milwaukee, Wis. 

R. A. Galbraithe Syracuse, N. Y. 

J. H. Kuhlmann Minneapolis, Minn, 

East Pittsburgh, Pa. 


R. G. Porter Boston, Mass. 
L. T. Rader Schenectady, N. Y. 
E. A. Reid Urbana, Ill. 
E. W. Spring Detroit, Mich. 
F. W. Tatum Dallas, Tex. 
W. G. Warren Santa Clara, Calif. 
B. S. Willis Ames, Iowa 
Ex-officio 


Counselors of Student Branches 


Officers and Committees—1949-50 


Technical Committees 
Communication Group 


Communication Co-ordinating 
Committee 

H. I. Romnes, chairman; American Tele- 
phone and Telegraph Company, 195 
Broadway, New York 7, N. Y. 

F. B. Bramhall, vice-chairman 

New York, N. Y. 

A. J. Busch, secretary | New York, N. Y. 

Members-at-Large 

J. L. Callahan, representing Board of 
Directors New York, N. Y. 

Rothwell E. Smith New York, N. Y. 


Ex-officio members 


Chairmen of the technical committees in 
the Communication Group 


Aural Broadcasting Systems 

E. G. Ports, chairman; Federal Telephone 
and Radio Corporation, 100 Kings- 
land Road, Clifton, N. J. 


J- L. Middlebrooks, vice-chairman 

New York, N. Y. 
M. L. Levy, secretary | New York, N. Y. 
T. M. Bloomer Baltimore, Md. 
L. E. Clossen Philadelphia, Pa. 
E. W. Davis New York, N. Y. 
C. E. Dean Little Neck, N. Y. 
P. G. Edwards New York, N. Y. 
L. K, Findley Cedar Rapids, Iowa 
J. C. Gaudio Chicago, Ill. 
R. W. Masters Columbus, Ohio 
Gerard Mountjoy Rochester, N. Y. 
R. M. Sprague Waltham, Mass. 
J. K. Tyler Sunbury, Pa. 
R. H. Williamson Syracuse, N. Y. 


Communication Switching Systems 

R. C. Davis, chairman; Bell Telephone 
Laboratories, Inc., 463 West Street, 
New York 14, N. Y. 


J. Meszar, vice-chairman New York, N. Y. 
A. E. Frost, secretary | New York, N. Y. 
L. L. Burns Dallas, Tex. 
D. G. Geiger Toronto, Ontario, Canada 
G. H. Gray New York, N. Y. 
C. F. Lynch Poughkeepsie, N. Y. 
A. B. Smith Chicago, Ill. 
D. L. Solbmon Rochester, N. Y. 
W. G. Storey Chicago, Ill. 


C, M. Tomlinson Philadelphia, Pa. 


Radio Communication Systems 


G. T. Royden, chairman; MacKay Radio 
and Telegraph Company, 67 Broad 
Street, New York 4, N. Y. 

E. D. Becken, vice-chairman 

New York, N. Y. 

A. C. Dickieson, secretary New York, N. Y. 

C. M. Backer Clifton, N. J. 

E. H. B. Bartelink New York, N. Y. 


I, F. Byrnes New York, N. Y. 
F, H. Cusack New York, N. Y. 
D. D. Grieg Nutley, N. J. 
G. R. Messmer Washington, D, C, 


Special Communication Applications 

E. W. Kenefake, ¢hairman; Electronics 
Department, General Electric Com- 
pany, Syracuse, N. Y. 

L. A. Smith, vice-chairman 

New York, N. Y. 

Rochester, N. Y. 

New York, N. Y. 

Swissvale, Pa. 


L. C. Holmes, secretary 
S. C. Bartlett 
G. W. Baughman 


I. F. Byrnes New York, N. Y. 
Melville Eastham Cambridge, Mass 
W. D. Hailes Rochester, N. Y. 
L. E. Kearney New York, N. Y. 
R. H. Kline Baltimore, Md. 
Newton Monk New York, N. Y. 
W. A. Ready Malden, Mass; 
H. H. Spencer Camden, N. J. 
R. B. Vaile, Jr. Stanford, Calif. 
A. J. Warner Nutley, N. J. 


Telegraph Systems 


I. S. Coggeshall, chairman; Western Union 
Telegraph Company, 60 Hudson 
Street, New York 13, N. Y. 

J. A. Duncan, Jr., vice-chairman 

New York, N. Y. 

E. C, Chamberlain, secretary 

New York, N. Y. 


E. P. Bancroft New York, N. Y. 


ELECTRICAL ENGINEERING 


W. G. H. Finch 

H. H. Haglund 
Grosvenor Hotchkiss 
Alfred Kahn 
R. E. Mathes 
R. B. Steele 

E. F. Watson 
G. B. Worthen 


New York, N, Y. 
New York, N. Y. 
New York, N. Y. 
New York, N. Y. 
Hartford, Conn, 
Toronto, Ontario, Canada 
New York, N. Y. 
New York, N. Y. 


Television Broadcasting Systems 
J. B. Coleman, chairman; Radio Corpora- 


tion of America, RCA _ Victor 
Division, Camden, N. J. 


i iG. Gumming, vice-chairman 

New York, N. Y. 
L. M. Rodgers, secretary Philadelphia, Pa. 
G. H. Brown Princeton, N. J. 
D. G. Fink New York, N. Y. 
J. G. Gaudio Chicago, Ill. 
P. C. Goldmark New York, N. Y. 
T. T. Goldsmith, Jr. Passaic, N. J. 
W. R. Hewlett Palo Alto, Calif. 
E. M. Johnson New York, N. Y. 
I. J. Karr Syracuse, N. Y. 
W. L. Lawrence Camden, N. J. 
G. M. Nixon New York, N. Y. 
D. W. Pugsley Syracuse, N. Y. 
F. M. Rives Syracuse, N. Y. 
R. E. Shelby New York, N. Y. 
S. C. Spielman Philadelphia, Pa. 
V. E. Trouant Camden, N. J. 
N. H. Young Nutley, N. J. 


Wire Communication Systems 


H. A. Affel, chairman; Bell Telephone 
Laboratories, Inc., 463 West Street, 
New York 14, N. Y. 

G. B. Ransom, vice-chairman 

New York, N. Y. 

L. G. Abraham, secretary 

New York, N. Y. 

Corvallis, Oreg. 
Portland, Oreg. 
New York, N. Y. 


A. L. Albert 
W. M. Allen 
E. H. B. Bartelink 


J. D. Booth Baltimore, Md. 
Hezzie Clark Houston, Tex. 
A. B. Credle Mineola, N. Y. 
G. E, Dodrill Washington, D. C. 
H. E. Ellithorn Notre Dame, Ind. 
L. G. Erickson San Carlos, Calif. 
G. H. Gray New York, N. Y. 
W. D. Hailes Rochester, N. Y. 
E. B. Harmon Denver, Colo. 
H. R. Hunkins Clifton, N. J. 
R. R. O’Connor Chicago, IIl. 
F. M. Rives Syracuse, N. Y. 
A. L. Rumsey Albany, N. Y. 
J- O’D. Shepherd Atlanta, Ga. 


Arthur Bessey Smith 
W. T. Smith 


Chicago, Ill. 
New York, N. Y. 


Industry Group 


Industry Co-ordinating Committee 


J.J. Orr, chairman; United States Rubber 
Company, 1230 Avenue of the Ameri- 
cas, New York 20, N. Y. 
T. R. Rhea, vice-chairman 
Schenectady, N. Y. 
R. S. Gardner, secretary New York, N. Y. 
Member-at-Large 
Victor Siegfried, representing Board of 
Directors Worcester, Mass. 


Ex-officio members 


Chairmen of the technical committees in 
the Industry Co-ordinating Group 


Chemical, Electrochemical, and Electro- 
thermal Applications 


F. R. Benedict, chairman; 
Engineering Department, Westing- 
house Electric Corporation, East 
Pittsburgh, Pa. 

Leroy W. Roush, vice-chairman 

South Charleston, W. Va. 


Industry 


F. V. Andreae Chattanooga, Tenn. 
F. T. Bowditch Cleveland, Ohio 
J. D. Branch Houston, Tex. 
A. B. Campbell Houston, Tex. 
W. H. Dickinson Elizabeth, N. J. 
W. C. Dreyer Houston, Tex. 
Felix S. Glaza Freeport, Tex. 
L. M. Goldsmith Philadelphia, Pa. 
W. E. Gutzwiller Milwaukee, Wis. 
E. A. Hanff Pittsburgh, Pa. 
J. D. Harper Alcoa, Tenn. 
T. G. Hieronymus Kansas City, Mo. 
J. E. Hobson Stanford, Calif. 
H. E. Houck Wilmington, Del. 
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J. D. Huntsberger 
M. A. Hyde, Jr. 
Rollin Kennard 
R. J. Kuhn 

E. H. Lamberger 
D. H. Levy 

J. J. Loustaunau 
J.-A. McLellan 
G. H. Orcutt 
Waldo Porter 
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H. W. Wahlquist 
H. H. Zielinski 


Electric Heating 


J. ©. Handy, chairman; 


Langhorne, Pa. 
Pittsburgh, Pa. 
Great Falls, Mont. 
New Orleans, La. 
East Pittsburgh, Pa. 
Dallas, Tex. 
Boston, Mass. 
Linden, N. J. 
Wyandotte, Mich. 
Vancouver, Wash. 
Detroit, Mich. 
Schenectady, N. Y. 
Philadelphia, Pa. 
Oakland, Calif. 
New York, N. Y. 
Cleveland, Ohio 


Welland, Ontario, Canada 


Massena, N. Y. 
Cleveland, Ohio 
Washington, D. C. 
New York, N. Y. 
Schenectady, N. Y. 


Consolidated 


Gas, Electric Light and Power Com- 
pany, Lexington Building, Baltimore, 


. L. Bailey 

. M. Baker 

. H. Browning 
cold Bunte 

. T. Chesnut 


. Leland 


Sage ee Erg 


Kennard Pinder 
W. CG. Rudd 

E. H. Scheick 
E. A. Schmotzer 
W. R. Schofield 


Story 


G. W. 
G. S. Smith 
Say & 
J. T. Thwaites 


ee Gaodell, vice-chairman Detroit, Mich. 
. M. Duryee, secretary 


Waterbury, Conn. 


Highland Park, Mich. 


Baltimore, Md. 
East Pittsburgh, Pa. 
Chicago, III. 
Trenton, N. J. 
Pittsburgh, Pa. 
Corning, N. Y. 
Haddonfield, N. J. 
Baltimore, Md. 
Schenectady, N. Y. 


- Meyer Toronto, Ontario, Canada 


Portland, Oreg. 
Mead ilies Pas 
Wilmington, Del. 
Brooklyn, N. Y. 
New York, N. Y. 
Cleveland, Ohio 
Philadelphia, Pa. 
Lancaster, Pa. 
Seattle, Wash. 
Camden, N. J. 


Hamilton, Ontario, Canada 


G. E. Walters 
H. R. Winemiller 


Electric Welding 


Peoria, Ill. 
Chicago, Ill. 


Myron Zucker, chairman; Myron Zucker 
Engineering Company, 1708 Crooks 
Road, Royal Oak, Mich. 

R. C. McMaster, vice-chairman 


Columbus, Ohio 


R. S. Gardner, secretary New York, N. Y. 


J. H. Blankenbuehler 


W. G. Bostwick 


F, Deffenbaugh 
. D. Douglass 

. Freeman 
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_F, Theriault 

Ww. Tietze 

. P. Winsor 

B. L. Wise 
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Troy, Ohio 
Cincinnati, Ohio 
Detroit, Mich. 
Pittsburgh, Pa. 
Warren, Ohio 
Oakland, Calif. 
Fitchburg, Mass. 
Schenectady, N. Y. 
Baltimore, Md. 
Corning, N. Y. 
Baltimore, Md. 
Milwaukee, Wis. 
Detroit, Mich. 
Philadelphia, Pa. 
Schenectady, N. Y. 
Cleveland, Ohio 
Warren, Ohio 
Bozeman, Mont. 
Buffalo, N. Y. 
Milwaukee, Wis. 
Buftalo, N. Y. 
Dayton, Ohio 
Newark, N. J. 
Troy, N. Y. 

Bay City, Mich. 


General Industry Applications 
Kennard Pinder, chairman; E. I. du Pont 
de Nemours and Company, 10th and 
Market Streets, Wilmington, Del. 
. C. Fink, vice-chairman 


East Pittsburgh, Pa. 


. O. Johnson, secretary New York, N. Y. 


T. Bacheler 
. B. Baker 
E. L 


A 

V. 

B. T. Anderson 
A 

Vv. 


. Blankenbeker 


Rockford, Ill. 
East Pittsburgh, Pa. 
East Pittsburgh, Pa. 
Pittsburgh, Pa. 


Atlanta, Ga. 
Schenectady, N. Y. 
Schenectady, N. Y. 


Azo 
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. De Ferranti 


R. dy DeMartini Schenectady, N. Y. 
A. W. Frankenfield Wilmington, Del. 
John Gammell Philadelphia, Pa. 
E. M. Hays Pittsburgh, Pa. 
L. W. Herchenroeder 

East Pittsburgh, Pa. 
K. W. John Detroit, Mich. 
G. W. Knapp Schenectady, N. Y. 
A. F, Lukens Lynn, Mass. 
H. B. Mathieu Pampa, Tex. 
E. F. Mekelburg Milwaukee, Wis. 
J. F. Moore Toronto, Ontario, Canada 
E. K. Murphy New York, N. Y. 
D. R. Percival Worcester, Mass. 
G. E. Plaisted San Francisco, Calif. 
M. L. Platt Binghamton, N. Y. 
H. A. Rose Seattle, Wash. 
R. G. Rudrow Wilmington, Del. 
H. L. Smith New York, N. Y. 
R. H. Smith Cleveland, Ohio 
F. D. Snyder Boston, Mass. 
R. F. Snyder Akron, Ohio 
Ray Stroppel Cincinnati, Ohio 
J. A. Tudor Portland, Oreg. 
H. C. Uhl Sylacauga, Ala. 


L. A. Umansky Schenectady, N. Y. 


Industrial Control 


G. W. Heumann, chairman; Control 
Engineering Division, General Elec- 
tric Company, Schenectady 5, N. Y. 
J. A. Cortelli, vice-chairman 
Cleveland, Ohio 
H. L, Palmer, secretary 
Schenectady, N. Y. 


E. H. Alexander Schenectady, N. Y. 


H. H. Angel Bethlehem, Pa. 
John Baird Madison, Wis. 
T. H. Bloodworth Milwaukee, Wis. 
G. S, Brown Cambridge, Mass. 
L. J. Conover Easton, Pa. 
W. H. Elliot Milwaukee, Wis. 
C. T. Evans Milwaukee, Wis. 
J. E. Gahagan Binghamton, N. Y. 
J. A. Gienger Rochester, N. Y. 
F. Y.Grepe Toronto, Ontario, Canada 
K. W. John Detroit, Mich. 
R. W. Jones Evanston, IIl. 
J. D. Leitch Cleveland, Ohio 
E. F. Mekelburg Milwaukee, Wis. 
E. E. Moyer Troy, N. Y. 
J. J. O’ Connor New York, N. Y. 
J. W. Picking Cleveland, Ohio 
J. E. Ryan Schenectady, N. Y. 
F. E. Strauss Oakland, Calif. 
E. H. Vedder Buflalo, N. Y. 


Industrial Power Systems 


J. S. Gault, chairman; Electrical Engi- 
neering Department, University of 
Michigan, Ann Arbor, Mich. 

H. G. Barnett, vice-chairman 

East Pittsburgh, Pa. 

S. A. Warner, secretary New York, N. Y. 

D. L. Beeman Schenectady, N. Y. 

E. S. Dibble Los Angeles, Calif. 

Leo Dolkart Chicago, Ill. 

D. D. Douglass Oakland, Calif. 

Felix Glaza Freeport, Tex. 

W. S. Gordon, Jr. Tacoma, Wash. 


C. R. Johnson New York, N. Y. 
R. E. Johnson Rockford, Ill. 
C. M. Lathrop Elizabeth, N. J. 
M. C. Mapes New Haven, Conn. 


A. E. Marshall 
J. L. McKeever 
Peterboro, Ontario, Canada 


St. Louis, Mo. 


J. S. Morgan Milwaukee, Wis. 
W. A. Mosteller Detroit, Mich. 
J. S. Parsons East Pittsburgh, Pa. 
Dick Ray Tulsa, Okla. 
W. H. Rollman Dallas, Tex. 
C. C. Saunders Wilmington, Del. 
Cc. W. Schemm St. Louis, Mo. 
J. M. Smith Cleveland, Ohio 
Jk ‘Spease Portland, Oreg. 
W. D. Stevenson, Jr. Raleigh, N. C. 
T. O. Sweatt New York, N. Y. 
H. T. Theis Bristol, Pa. 
B. F. Thomas New York, N. Y. 
William Zelley Roebling, N. J. 
T. O. Zittel Lackawanna, N. Y. 


Mining and Metal Industry 
T. B. Montgomery, chairman; Control 
Section, Allis-Chalmers Manufactur- 
ing Company, West Allis, Wis. 
A. C. Muir, vice-chairman 
Philadelphia, Pa. 


Officers and Committees—1949-50 


J. E. Breth 
Graham Bright 
A. B. Chafetz 
R. J. Corfield 
J. A. Cortelli 
F. W. Cramer 
E. W. Davis 

J. M. Downie 
J. H. Edwards 
Sam Ein 

R. H. Ellis 
Cecil Farrow 
J. J. Fitzgibbon 


Lanier Greer 


. A. Hornbecker 
G. Ivy 

. H. James 

. Z. Linsenmeyer 
. C. McMaster 
. E. Miller 

. P. Musser 

. C. Nicholson 
. E. Price 

. E. Renshaw 

. E. Schlossberg 
. G. Schlup 
*, O. Schnure 
Victor Siegfried 
H. I. Stanback 
O. J. Swanson 

C. L. Tyler 

T. R. Weichel 

Cc. O. Wood 

C. D. Woodward 


ae ss 


Servomechanisms 


G. S. Brown, chairman; 


Calumet, Mich. 
Pittsburgh, Pa. 
Carlsbad, N. Mex. 
Garfield, Utah 
Cleveland, Ohio 
Pittsburgh, Pa. 
Cambridge, Mass. 
Erie, Pa. 
Huntington, W. Va. 
Chicago, Ill. 
Pittsburgh, Pa. 
Cleveland, Ohio 
Charleston, W. Va. 
Cleveland, Ohio 
Pittsburgh, Pa. 
Lead, S. Dak. 

East Pittsburgh, Pa. 
Birmingham, Ala. 
Waterbury, Conn. 
Chicago, IL. 
Scranton, Pa. 

East Pittsburgh, Pa. 
Columbus, Ohio 
Schenectady, N. Y. 
Charleston, W. Va. 
Wilkes Barre, Pa. 
New York, N. Y. 
East Pittsburgh, Pa. 
East Chicago, Ind. 
Middletown, Ohio 
Sparrows Point, Md. 
Worcester, Mass. 
Milwaukee, Wis. 
Gary, W. Va. 
Irwin, Pa. 

Wilkes Barre, Pa. 
Chicago, IIl. 

Butte, Mont, 


Massachusetts 


Institute of Technology, Building 32, 
Cambridge 39, Mass. 

(Exact title, scope, and personnel to be 
announced later) 


Science and Electronics Group 


Science and Electronics Co-ordinating 


Committee 


J. D. Tebo, chairman, Bell Telephone 
Laboratories, Inc., 463 West Street, 
New York 14, N. Y. 

Charles Concordia, vice-chairman 


Schenectady, N. Y. 


W. F. Davidson, secretary 


Members-at-Large 


New York, N. Y. 


Walter J. Seeley, representing Board of 


Directors 
I. Melville Stein 


Ex-officio. members 


Durham, N. C. 
Philadelphia, Pa. 


Chairmen of the technical committees in 
the Science and Electronics Group 


Basic Sciences 


Walther Richter, chairman; 


Allis-Chal- 


mers Manufacturing Company, P. O. 
Box 512, West Allis, Wis. 


M. G. Malti, vice-chairman 


Ithaca, N. Y. 


N.S. Hibshman, secretary Brooklyn, N. Y. 


J. A. Becker 

L. V. Bewley 

C. R. Burrows 

F. M. Clark 
Charles Concordia 
P. C. Cromwell 


Murray Hill, N. J. 
Bethlehem, Pa. 
Ithaca, N. Y. 
Schenectady, N. Y. 
Schenectady, N. Y. 
Knoxville, Tenn. 


L. A. Finzi Pittsburgh, Pa. 
E. A. Gaugler Silver Spring, Md. 
W. C. Hall Washington, D. C. 
C. W. Hansell Rocky Point, N. Y. 
F. K. Harris Washington, D. C. 
V. P. Hessler Urbana, Ill. 
T. J. Higgins Madison, Wis. 
G. B. Hoadley Raleigh, N. C. 
W. CG, Johnson Princeton, N. J. 
W. A. Lewis Chicago, Ill. 
W. H. MacWilliams, Jr. 
Whippany, N. J. 
P. C, Magnusson Corvallis, Oreg. 
R. C, Mason East Pittsburgh, Pa. 
L. W. Matsch Chicago, Ill. 
G. D. McCann Pasadena, Calif. 
K. W. Miller Chicago, Ill. 
W. E. Phillips Philadelphia, Pa. 
H. J. Plumley Silver Spring, Md. 


Dimiter Ramadanoft 


W. J. Seeley 


Cleveland, Ohio 
Durham, N. C. 
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H. H. Skilling Stanford University, Calif. 
Joseph Slepian East Pittsburgh, Pa. 
J.J. Smith Schenectady, N. Y. 
V.G. Smith Toronto, Ontario, Canada 


F. G. Tappan Norman, Okla. 
J. D. Tebo New York, N. Y. 
G. S. Timoshenko Storrs, Conn. 
J. S. Waters Houston, Tex. 
A. H. Waynick State College, Pa. 
T. D. Yensen East Pittsburgh, Pa. 


Computing Devices 


J. G. Brainerd, chairman; Moore School of 
Electrical Engineering, University of 
Pennsylvania, Philadelphia 4, Pa. 

W. H. MacWilliams, Jr., vice-chairman 

Whippany, N. J. 

W. C. Johnson, secretary Princeton, N. J. 

S. N. Alexander Washington, D. C. 

S. H. Caldwell Cambridge, Mass. 

Charles Concordia 


and Signal Corporation and Westing- 
house Air Brake Company, Pitts- 
burgh 18, Pa. 


Peter Duyan, Jr. | Santa Monica, Calif. 


D. W. Exner Seattle, Wash. 
Alec Fisher Lynn, Mass. 
Elio Fueyo Miami, Fla. 
C, E, Gagnier Los Angeles, Calif. 


. A. Leidigh, Jr. Portland, Oreg. 

. W. Livingston Schenectady, N. Y. 

. E. Marshall Bloomfield, N. J. 

. C, Mason East Pittsburgh, Pa. 

. T. Maunder Pittsfield, Mass. 

. R. Meahl Schenectady, N. Y. 

. R. Mimno Cambridge, Mass. 

. A. Morton Princeton, N. J. 

. E. Mumma Dayton, Ohio 
K. Northrop Ithaca, N. Y. 
ae Nunan Hollywood, Calif. 
avid Packard Palo Alto, Calif. 
H. L. Palmer Schenectady, N. Y. 
G. W. Penney Pittsburgh, Pa. 
W. H. Pickering Pasadena, Calif. 
O. W. Pike Schenectady, N. Y. 
A. J. Quigley Notre Dame, Ind. 
Simon Ramo Culver City, Calif. 
J. G. Reid, Jr. Washington, D. C. 


L, E. Reukema 


Berkeley, Calif. 


D. E. Trucksess 
J. L. Wagner 
E. D. Wilson 


I. R. Smith, vice-chairman Buffalo, N. Y. 
E. A. Harty, secretary West Lynn, Mass. 
W. F. Bonner East Newark, N. J. 
L. W. Burton Lynn, Mass, 
P. G. Cobb Newark, N. J. 
M. E. Gamble Indianapolis, Ind. 
K. S. Geiges New York, N. Y. 
E. A. Groeteke St. Louis, Mo. 
C. E, Hamann Lynn, Mass. 
C. W. Hansell Rocky Point, N. Y. 
C. C. Herskind Schenectady, N. Y. 
W. E. Phillips Philadelphia, Pa. 
N. Y. Priessman Murray Hill, N. J. 
Glen Ramsey North Chicago, Ill. 


New York, N. Y. 
Endicott, N. Y. 
East Pittsburgh, Pa. 


S. H. Hanville, Jr. 


Washington, D. C. 


E. L. Harder 

J. W. Mauchly 
G. D. McCann 
M. S. Mclllroy 
J. C. McPherson 
P. L. Morton 

G. R. Stibitz 


Schenectady, N. Y. 
East Pittsburgh, Pa. 


Philadelphia, Pa. 
Pasadena, Calif. 
Ithaca, N. Y. 
New York, N. Y. 
Berkeley, Calif. 
Burlington, Vt. 


Electronic Power Converters 


C. C. Herskind, 


chairman; 


Power Elec- 


R. W. Reynolds Wilmington, Del. 


J. D. Ryder Ames, Iowa 
Hubert Sharp Denver, Colo. 
M. R. Shaw Corning, N. Y. 
E. T. Sherwood Milwaukee, Wis. 
S. W. Smith Washington, D. C. 
E. P. Spandau Dayton, Ohio 
H. C. Steiner Schenectady, N. Y. 
C. M. Summers Fort Wayne, Ind. 
E. R. Thomas New York, N. Y. 


F. N. Tompkins Providence, R. I. 


Stanley Zwerling Laurelton, N. Y. 


Nucleonics 


J. J. Smith, chairman; General Engineer- 
ing and Consulting Laboratory, 
General Electric Company, Schenec- 
tady 5, N. Y. 

W. F. Davidson, vice-chairman 

New York, N. Y. 

Pittsburgh, Pa. 
Boston, Mass. 


P. N. Ross, secretary 
W. E. Barbour, Jr. 


W. T. Harding Dayton, Ohio 
J. G. Hutton Schenectady, N. Y. 
R. R. Jenner Wichita, Kans. 
R. D. Jones Fort Wayne, Ind. 
W. B. Keller Cleveland, Ohio 
R. J. Lusk East Pittsburgh, Pa. 
C. F. McCabe San Diego, Calif. 
R. E. McDonald St. Paul, Minn. 
R. S. Mead Kansas City, Mo. 
R. A. Millermaster Milwaukee, Wis. 
J. D. Miner Lima, Ohio 
C. R. Moore Pacific Palisades, Calif. 
W. F. Moore Schenectady, N. Y. 
Joseph Nader Chicago, Ill. 
W. E. Pakala East Pittsburgh, Pa. 
H. F. Rempt Burbank, Calif. 
R. A. Rugge Columbus, Ohio 
K. R. Smythe Baltimore, Md. 
S. D. Summers Washington, D. C. 
S. H. Webster Teterboro, N. J. 


Domestic and Commercial Applications 

Carl F. Scott, chairman; General Electric 
Company, 1285 Boston Avenue, 
Bridgeport, Conn. 


tronics Division, General Electric 
Company, 1 River Road, Schenec- 
tady 5, N. Y. 


W. N. Farquhar, vice-chairman 
Pittsburgh, Pa. 
C. R. Marcum, secretary 
East Pittsburgh, Pa. 


H. R. Blomquist Providence, R. I. 


D. E. Trucksess New York, N. Y. 
D. C. Ulrey Lancaster, Pa. 
R. F. Wall College Station, Tex. 
A. S. Waxman Sparrows Point, Md. 
W. C. White Schenectady, N. Y. 
C. H. Willis Princeton, N. J. 
D. G. Wilson Lawrence, Kans. 
Harold Winograd Milwaukee, Wis. 
A. M. Zarem Pasadena, Calif. 


H. W. Bibber Schenectady, N. Y. 
H. W. Brackney Upton, N. Y. 
L. J. Bulliet Rockford, Ill. 
J. M. Cork Ann Arbor, Mich. 
G. W. Dunlap Schenectady, N. Y. 
J. R. Dunning New York, N. Y. 
I. A. Getting Cambridge, Mass. 
T. S. Gray Cambridge, Mass. 


Hubbard 


Cambridge, Mass. 


O. K. Coleman, vice-chairman 


Lafayette, Ind. 


V. G. Vaughan, Sr., Sectretary, 


S. W. Andrews 
J. C. Beckett 

M. M. Brandon 
A. C. Bredahl 
W. B. Buchanan 


Attleboro, Mass. 
New York, N. Y. 


San Francisco, Calif. 


New York, N. Y. 
Pittsburgh, Pa. 


W. F. Bonner East Newark, N. J. 
J. L. Boyer East Pittsburgh, Pa. 
J. H. Cox Sunnyvale, Calif. 
F. W. Cramer Pittsburgh, Pa. 


A. G. Dickinson 


Trail, British Columbia, Canada 


J. B. Donnelly 

I. K. Dortort 
William Fraser 
W. E. Gutzwiller 
G. N. Hughes 
Otto Jensen 

W. K. MacAdam 
D. E. Marshall 


Philadelphia, Pa. 
Milwaukee, Wis. 


Arvida, Quebec, Can. 


Milwaukee, Wis. 

Alcoa, Tenn. 
Philadelphia, Pa. 
New York, N. Y. 
Bloomfield, N. J. 


Instruments and Measurements 


W. R. Clark, chairman; Leeds and North- 
rup Company, 4901 Stenton Avenue, 
Philadelphia 44, Pa. 

J. H. Miller, (East) vice-chairman 

Newark, N. J. 

J. E. Hobson, (West) vice-chairman 

Stanford, Calif. 
J. G. Reid, Jr., secretary 
Washington, D. C. 


A. J. Maslin Sharon, Pa. 
L. W. Morton Schenectady, N. Y. 
R. A. Nelson Pittsfield, Mass. 
Waldo Porter Vancouver, Wash. 
M. E. Reagan East Pittsburgh, Pa. 


W. J. L. Rupprecht 
August Schmidt, Jr. 


Midland, Mich. 
Schenectady, N. Y. 


W. C. Sealey Milwaukee, Wis. 
F. W. Smith Easton, Pa. 
S. L. Smith Philadelphia, Pa. 
H. C., Steiner Schenectady, N. Y. 


O. J. Swanson 
J. T. Thwaites 

Hamilton, Ontario, Canada 
D. E. Trucksess New York, N. Y. 
C. H. Willis Princeton, N. J. 
Harold Winograd Milwaukee, Wis. 


Gary, W. Va. 


Electronics 


W. G. Dow, chairman; Department of 
Electrical Engineering, University of 
Michigan, Ann Arbor, Mich. 

J. T. Thwaites, vice-chairman 

Hamilton, Ontario, Canada 

E. M. Boone, secretary | Columbus, Ohio 

W. R. G. Baker Syracuse, N. Y. 

Rawson Bennett San Diego, Calif. 

C. J. Breitwieser San Diego, Calif. 


C. B. Brown Washington, D. C. 
L. W. Buechler Washington, D. C 
R. S. Burnap Harrison, N. J. 
A. H, Canada Schenectady, N. Y. 
W. R. Clark Philadelphia, Pa. 
L. G. Cowles Houston, Tex. 
C. F. Crandell Dallas, Tex. 
G. J. Crowdes Cambridge, Mass. 
A. V, Eastman Seattle, Wash. 
G. V. Eltgroth Philadelphia, Pa. 
Rudolf Feldt Clifton, N. J. 
G. H. Fett Urbana, III. 
D. G. Fink New York, N. Y. 
H. L. Flowers Washington, D. C. 


W. A. Geohegan 
E. R. Haberland 


New York, N. Y. 
Silver Spring, Md. 


E. L. Harder East Pittsburgh, Pa. 
G. W. Hewitt East Pittsburgh, Pa. 
J. E. Hobson Stanford, Calif. 
J. R. Hyneman New York, N. Y. 
T. P. Kinn Baltimore, Md. 
K. S. Koon Endicott, N. Y, 


P. L. Bellaschi Sharon, Pa. 
H. W. Berry Camden, N. J. 
P. A. Borden Waterbury, Conn. 
D. L. Brown Portland, Oreg. 
G. S. Brown Cambridge, Mass. 
A. L. Brownlee Chicago, III. 
L. A. Burckmyer, Jr. Ithaca, N. Y. 
R. T. Capadanno Philadelphia, Pa. 
J. H. Chiles, Jr. Sharon, Pa. 
J. E. Clem Schenectady, N. Y. 
A. B. Craig Boston, Mass. 
C, L. Dawes Cambridge, Mass. 
F. C. Doble Belmont, Mass. 
E. D. Doyle Philadelphia, Pa. 
C. K. Duft Toronto, Ontario, Canada 
C. A. Duke Chattanooga, Tenn. 
G. W. Dunlap Schenectady, N. Y. 
W.N. Eddy Cambridge, Mass. 
G. V. Eltgroth Philadelphia, Pa. 
Rudolf Feldt Clifton, N. J. 
F. J. Gaffney Brooklyn, N. Y. 
W. A. Geohegan New York, N. Y. 
T. S. Gray Cambridge, Mass. 
E. I. Green New York, N. Y. 
G. B. Hoadley Raleigh, N. C. 
A. J. Hornfeck Cleveland, Ohio 
W. G. Knickerbocker Detroit, Mich. 
A. E. Knowlton New York, N. Y. 
H. C, Koenig New York, N. Y. 
E. S. Lee Schenectady, N. Y. 
B. E, Lenehan Newark, N. J. 


W. N. Lindblad 


J. T. Lusignan, Jr. 


Harold Lyons 
L. W. Matsch 


Whitney Matthews 


W. J. Mayo-Wells 
David Packard 


Emeryville, Calif. 
Mansfield, Ohio 
Washington, D. C. 
Chicago, Ill. 
Washington, D. C. 
Silver Spring, Md. 
Palo Alto, Calif. 


H. T. Plumley Silver Spring, Md. 
C. F. Savage Lynn, Mass. 
J. P. Scott St. Louis, Mo. 
F. B. Silsbee Washington, D. C. 
D. B. Sinclair Cambridge, Mass. 
Harry Sohon Philadelphia, Pa. 
M. B. Stout Ann Arbor, Mich. 


J. M. Vanderleck 


Toronto, Ontario, Canada 


A. H. Wing, Jr. 
C. J. Zeller 


Metallic Rectifiers 


Evanston, II]. 
New York, N. Y. 


L. O. Grondahl, chairman; Union Switch 


M. M. 

H. L. Hull Chicago, Ill. 
T.R. Kohler Irvington-on-Hudson, N. Y. 
E. H. Krieg Boston, Mass. 
R. G. Lorraine Schenectady, N. Y. 
H. B. Marvin Syracuse, N. Y. 
J» K. Pickard Washington, D. C, 
Walther Richter Milwaukee, Wis. 
Frederick Seitz Urbana, IIl. 


W. E. Shoupp Homestead, Pa. 
Abe Tilles San Francisco, Calif. 
J. G. Trump Cambridge, Mass. 
R. E. Watson Philadelphia, Pa. 
J. T. Wilson Milwaukee, Wis. 
Therapeutics 


H. D. Moreland, chairman; Westinghouse 
Electric Corporation, 2519 Wilkens 
Avenue, Baltimore 3, Md. 

S. Reid Warren, Jr., vice-chairman 

Philadelphia, Pa. 

Scott W. Smith, secretary 

Washington, D. C. 


F. B. Claussen Portland, Oreg. 


M. J. Gross Milwaukee, Wis. 
W. B. Kouwenhoven Baltimore, Md. 
R. H. Morgan Baltimore, Md. 
T. H. Rogers Springdale, Conn. 
Cc. M. Slack Bloomfield, N. J. 
W. R. Smith Newark, N. J. 
R. E, Watson Philadelphia, Pa. 


General Applications Group 
General Applications Co-ordinating 
Committee 


H. C. Coleman, chairman; Marine and 
Aviation Section of Industry Engi- 


neering Department, Westinghouse 
Electric Corporation, East Pitts- 
burgh, Pa. 


C. C. Whipple, vice-chairman 
Brooklyn, N. Y. 


O. A. Wilde, secretary Chester, Pa. 


Member-at-Large 

Elgin B. Robertson, representing Board 
of Directors Dallas, Tex. 

Ex-officio members 

Chairmen of the technical committees in 
the General Applications Group 

Air Transportation 


W. V. Boughton, chairman; Phaostron 
Company, 151 Pasadena Avenue, 
South Pasadena, Calif. 

D. E. Fritz, vice-chairman Bedford, Ohio 

W. L. Berry, secretary Culver City, Calif. 


J. W. Allen Teterboro, N. J. 
G. W. Almassy Los Angeles, Calif. 
J. H. Blankenbuehler Troy, Ohio 
W. CG. Bryant Washington, D, C. 
J.P. Dallas Los Angeles, Calif. 
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Toronto, Ontario, Canada 


O. K. Buck Los Angeles, Calif. 
T. H. David, Jr. Chicago, Ill. 
M. D. Duffy Portland, Oreg. 
R. W. Fleming South Bend, Ind. 
R. R. Herrmann Minneapolis, Minn. 
T. C. Johnson Bloomfield, N. J. 
F. W. Linder La Crosse, Wis. 
B. H. Martin Chattanooga, Tenn. 
L. W. McCullough New York, N. Y. 
B. F. Parr Mansfield, Ohio 
A. L. Riche Freeport, Ill. 
L. N. Roberson Seattle, Wash. 
H. P. Seelye Detroit, Mich. 
G. S. Smith Seattle, Wash. 
G. C. Tenney San Francisco, Calif. 


Wesley Weinerth 


Land Transportation 


Philadelphia, Pa. 


H. F. Brown, chairman; New York, New 


Haven 


Conn. 


and Hartford Railroad, 
Railroad Station, 


New Haven 6, 


L. W. Birch, vice-chairman 


Mansfield, Ohio 


R. L. Kimball, secretary New York, N. Y. 


J. C. Aydelott 
L. S. Billau 

H. R. Blomquist 
W. A. Brecht 

D. M. Burckett 
C. N. Chase 
Andrew Costic 
Llewellyn Evans 
J- G. Fox 

A. P. Frey 

K. H. Gordon 


W. S. H. Hamilton 


P. H. Hatch 
G. L, Hoard 
J. G. Inglis 
Charles Kerr, Jr. 
Paul Lebenbaum 
S. B. Lent 

T. M. C. Martin 
P. A. McGee 

. B. Meissner 
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Lawrence Wylie 


Erie, Pa. 
Baltimore, Md. 
Providence, R. I. 


East Pittsburgh, Pa. 


Boston, Mass. 
Brooklyn, N. Y. 
Hoboken, N. J. 


Chattanooga, Tenn. 


Princeton, W. Va. 
Baltimore, Md. 
Philadelphia, Pa. 
New York, N. Y. 
New Haven, Conn. 
Seattle, Wash. 


Toronto, Ontario, Canada 
East Pittsburgh, Pa. 
San Francisco, Calif. 


Boston, Mass. 
Portland, Oreg. 
New York, N. Y. 
St. Louis, Mo. 
Philadelphia, Pa. 
Ridgway, Pa. 
New York, N. Y 


Montreal, Quebec, Canada 


Highwood, Ill. 
Philadelphia, Pa. 
Schenectady, N. Y. 
Washington, D. C. 
Indianapolis, Ind. 
Elkhart, Ind. 

Erie, Pa. 


East Pittsburgh, Pa. 


Baltimore, Md. 
Seattle, Wash. 


ELECTRICAL ENGINEERING 


Production and Application of Light 
E. H. Salter, chairman; Electrical Testing 


Laboratories, 


Inc., 


2 East End 


Avenue, New York, N. Y. 
R. C, Putnam, vice-chairman 


Cleveland, Ohio 


R. L. Oetting, secretary Cleveland, Ohio 


J. F. Angier Washington, D. C. 
L. H. Brown Stanford, Calif. 
S. W. Bruun New York, N. Y. 
H. S. Bull Ann Arbor, Mich. 
M. J. Dring South Bend, Ind. 
Frank Hansen Los Angeles, Calif. 
C. P. Hayes Fort Wayne, Ind. 
S. G. Hibben Bloomfield, N. J. 
O. W. Holden Los Angeles, Calif. 
R. W. Loehr Cleveland, Ohio 
H. E. Mahan West Lynn, Mass. 
J. A. McDermott Corona, N. Y. 
F. H. Murphy Portland, Oreg. 
Harris Reinhardt Flushing, N. Y. 
D. W. Rowten Cleveland, Ohio 
R. C, Slauer Salem, Mass. 
E. M. Strong Ithaca, N. Y. 
H. F. Wall Detroit, Mich. 
Cc, C. Whipple Brooklyn, N. Y. 


Marine Transportation 


Oscar A. Wilde, chairman; 


Sun Ship- 


building and Dry Dock Company, 


Chester, Pa. 


E. C. Alger, vice-chairman Quincy, Mass. 
W.N. Zippler, secretary New York, N. Y. 
W. B. Armstrong Washington, D. C. 
R. A. Beekman Schenectady, N. Y. 
H. C. Coleman East Pittsburgh, Pa. 
P. J. Dumont New York, N. Y. 
J. B. Feder Washington, D. C. 
A. R. Gatewood New York, N. Y. 
L. M. Goldsmith Philadelphia, Pa. 
P. A. Guise New York, N. Y. 
H. F. Harvey, Jr. Newport News, Va. 
W. E. Jacobsen Schenectady, N. Y. 
J. E. Jones Milwaukee, Wis. 


Cornelius Krommenhock Brooklyn, N. Y. 


Clarence Lynn 


East Pittsburgh, Pa. 


V. W. Mayer Washington, D. C 
S. N. Mead Amesbury, Mass. 
W. H. Reed New York, N. Y. 
E. M. Rothen New York, N. Y. 
L. B. Sinclair Sparrows Point, Md. 
C. W. Souder Great Neck, N. Y. 
E. H. Stivender Milwaukee, Wis. 
G. O. Watson London, England 


Power Group 


Power Co-ordinating Committee 


L. F. Hickernell, chairman; 


Anaconda 


Wire and Cable Company, Hastings- 
on-Hudson 6, N. Y. 
W. R. Brownlee, vice-chairman 


Jackson, Mich. 


R. S. Gardner, secretary New York, N. Y. 


Members-at-Large 
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B. W. Storer 

H. J. Sutton 

T. D. Talmage 
Mead Warren, Jr. 
M. H. Wood 


Insulated Conductors 


Herman Halperin, chairman; Common- 
wealth Edison Company, 72 West 
Adams Street, Chicago 90, IIL. 


Chicago, Ill. 
Beaumont, Tex. 
Chattanooga, Tenn. 
Alcoa, Tenn. 
Baltimore, Md. 


V. A. Sheals, vice-chairman 
Schenectady, N. Y. 
C. T. Hatcher, secretary New York, N. Y. 
G. W. Acock Trenton, N. J. 
C. F. Avila Boston, Mass. 
H. G. Barnett East Pittsburgh, Pa. 
C. E. Baugh San Francisco, Calif. 
E. D. Bent Montreal, Quebec, Canada 
Andrew Bodicky St. Louis, Mo. 
. S. Brookes Newark, N. J. 
. J. Brosnan Buffalo, N. Y. 
. R. Bullard New York, N. Y. 
W. Clark Washington, D. C. 
W. Davis Cambridge, Mass. 
A. Del Mar Yonkers, N. Y. 
D. Eash Jackson, Mich. 

. M. Farnhamm 

Montreal, Quebec, Canada 
. H. Fiedler Rochester, N. Y. 
. E. Fogg Phillipsdale, R. I. 
. D. Frantz Portland, Oreg. 
. W. Ghen N.S. Pittsburgh, Pa. 


_F. Hickernell 
Hastings-on-Hudson, N. Y. 


. A. Hopkins Knoxville, Tenn. 
. H. Kidder Philadelphia, Pa. 
. H. Kolks Cincinnati, Ohio 
. I. Komives Detroit, Mich. 
. J. Lowenberg Boston, Mass. 
. G. Mansfield Los Angeles, Calif. 
. E. Morse New York, N. Y. 
awrence Palmer Seattle, Wash. 
. T. Peirce Worcester, Mass. 
. L. Perry Kansas City, Mo. 
S. Peterson Chicago, Ill. 
D. Pettee Bayonne, N. J. 
A. Schatzel Rome, N. Y. 
E. Schlossberg East Chicago, Ind. 
B. Shanklin Schenectady, N. Y. 
D. Short Toronto, Ontario, Canada 
V. Smith Chicago, Ill. 
G. Smith Baltimore, Md. 


. M. L. Sommerman 
. G. Sturdevant 
ordon Thompson 


Evanston, III. 
Bristol, R. I. 
New York, N. Y. 


. H. Watson Bridgeport, Conn. 
R. J. Wiseman Passaic, N. J. 
R. K. Woodson Kansas City, Mo. 
K. S. Wyatt New York, N. Y. 
C. W. Zimmerer New York, N. Y. 
W. N. Zippler New York, N. Y. 


Power Generation 


B. G. A. Skrotzki, chairman; Power, Mc- 
Graw-Hill Publishing Company, 
Inc., 330 West 42d Street, New 
York.18, IN: ¥. 


J. A. Brooks, vice-chairman 

New York, N. Y. 
Giuseppe Calabrese, secretary 

New York, N. Y. 


R. T. Henry, representing Board oj 

Directors Buffalo, N. Y. 
L. F. Kennedy Schenectady, N. Y. 
A. E. Knowlton _ New York, N. Y. 
C. F. Wagner East Pittsburgh, Pa. 


Ex-officio members 
Chairmen of the technical committees 1n 
the Power Group 


Carrier Current 


S. C. Bartlett, chairman; American Gas 
and Electric Service Corporation, 
30 Church Street, New York 8, N. Y. 

C. W. Boadway, vice-chairman 
Toronto, Ontario, Canada 
E, W. Kenefake, secretary Syracuse, N. Y. 
W. H. Blankmeyer Butte, Mont. 


J. M. Dunham New York, N. Y. 
L. G. Eaton Boston, Mass. 
J. R. Ellison Oklahoma City, Okla. 
R. C. Ericson Hammond, Ind. 
L. F. Ferri Elyria, Ohio 
L. F. Kennedy Schenectady, N. Y. 
S. C. Leyland Newark, N. J. 
Samuel Lubin Washington, D. C. 
L. E. Ludekens Los Angeles, Calif. 
D. M. MacGregor New York, N. Y. 
T. W. MacLean Spokane, Wash. 
R. H. Miller San Francisco, Calif. 
F. M. Rives Syracuse, N. Y. 
T. T. Smith Vancouver, Wash. 
O. A. Starcke Davenport, Iowa 


SEPTEMBER 1949 


R. E. Appleyard 


Milwaukee, Wis. 


J. E. Barkle East Pittsburgh, Pa. 
C. S. Bowden Cleveland, Ohio 
E. P. Bryant Los Angeles, Calif. 
R. M. Bush Washington, D. C. 
Hubbell Carpenter Duluth, Minn. 
A. D. Caskey Chicago, Ill. 
H. E. Deardorff Dayton, Ohio 
S. M. Denton Denver, Colo. 


E. F. Dissmeyer 
Alex Dovjikov 
John Finlaw 

C. B. Fontaine 
C. A. Harrington 


Jackson, Mich. 
Portland, Oreg. 
Philadelphia, Pa. 
Lynn, Mass. 
Cleveland, Ohio 


H. R. Harris Detroit, Mich. 
A. F. Hartung Kansas City, Mo. 
A. P. Hayward Pittsburgh, Pa. 
B. by Hoard Portland, Oreg. 
W. R. Johnson San Francisco, Calif. 
L, A. Kilgore East Pittsburgh, Pa. 
A. J. Krupy Chicago, II. 
F. L. Lawton Montreal, Quebec, Canada 
J.T. Madill  Arvida, Quebec, Canada 
E, F. Maryatt San Francisco, Calif. 
J. B. McClure Schenectady, N. Y. 
G. H. McDaniel New York, N. Y. 
D. R. Pattison Johnstown, Pa. 
M. L. Perry Kansas City, Mo. 
W. W. Perry Binghamton, N. Y. 
A. L. Pollard Seattle, Wash. 
C. S. Randall Washington, D. C. 


H. B. Robinson Raleigh, N. C. 
G. M. Tatum Richmond, Va. 
C. W. Watchorn Baltimore, Md. 
Cc. C. Whelchel San Francisco, Calif. 
R. R. Wisner Boston, Mass. 


G. R. Woodman Los Angeles, Calif. 


Protective Devices 


W. J. Rudge, chairman; General Electric 
Company, 100 Woodlawn Avenue, 
Pittsfield, Mass. 

H. R. Stewart, vice-chairman 

Boston, Mass. 

A. A. Johnson, secretary 

East Pittsburgh, Pa. 


L. J. Blaize Dallas, Tex. 
V. J. Cissna Chattanooga, Tenn. 
J. E. Clem Schenectady, N. Y. 
J. O. Coleman Boston, Mass. 


L. M. Connors 

Toronto, Ontario, Canada 
H. A. Cornelius Chicago, III. 
F. M. Defandorf Washington, D. C. 


G. K. Ditlow Washington, D. C. 
G. B. Dodds Pittsburgh, Pa. 
R. H. Earle Milwaukee, Wis. 


T. I. Edlridge 
W. D. Hardaway 


Philadelphia, Pa. 
Denver, Colo. 


E. B. Harmon Denver, Colo. 
E. M. Hunter Schenectady, N. Y. 
P. A. Jeanne New York, N. Y. 
W. A. Lewis, Jr. Chicago, IIl. 
Paks Longley Springfield, Mass, 
Cort Lowerison Los Angeles, Calif. 
T. H. Mawson Birmingham, Ala. 
Corbett McLean Portland, Oreg. 
E. G. Norell Chicago, Ill. 
A. M. Opsahl East Pittsburgh, Pa. 
H. L. Rorden Portland, Oreg, 
H. D. Ruger Sparrows Point, Md. 
W. E. Rushlow Washington, D. C. 
O. L. Sidenfaden Los Angeles, Calif. 
W. T. Smith New York, N. Y. 
J. M. Towner Baltimore, Md. 
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New York, N. Y. 


E. H. Yonkers Chicago, III. 
Relays 
E. L. Michelson, chairman; Common- 


wealth Edison Company, 72 West 
Adams Street, Chicago 90, IIl. 
A. J. McConnell, vice-chairman 
Schenectady, N. Y. 


J. R. Linders, secretary Cleveland, Ohio 


C. E. Asbury Jackson, Mich. 
M. A. Bostwick Portland, Oreg. 
G. E. Brooks Oklahoma City, Okla. 
R. J. Cooper Atlanta, Ga. 
R. E, Cordray Philadelphia, Pa. 
G. E. Dana Binghamton, N. Y. 
G. B. Dodds Pittsburgh, Pa. 
M. A. Faucett Urbana, IIl. 
F. S. Fehr Reading, Pa. 
Sie bn POxrs Elyria, Ohio 
L. L. Fountain East Pittsburgh, Pa. 
Sidney Goldsmith Cincinnati, Ohio 
E. T. B. Gross Chicago, Ill. 
T. R. Halman Detroit, Mich. 
E, L. Harder East Pittsburgh, Pa. 
V. J. Hayes Waterbury, Conn. 
B. C. Hicks Westmount, Quebec, Canada 
J. H. Kinghorn New York, N. Y. 
R. A. Larner Fort Worth, Texas 
W. A. Lewis Chicago, Ill. 
S. C. Leyland Newark, N. J. 


H. F. Lindemuth 
Cort Lowerison 


New York, N. Y. 
Los Angeles, Calif. 


W. E. Marter Pittsburgh, Pa. 
W. A. Morgan Denver, Colo. 
C. E. Parks Indianapolis, Ind. 
H. R. Paxson Philadelphia, Pa. 
F. C. Poage New York, N. Y. 
E.G. Ratz Hamilton, Ontario, Canada 


K. N. Reardon Pittsburgh, Pa. 
H. P. Sleeper Newark, N. J. 
W. K. Sonnemann Newark, N. J. 
George Steeb Buflalo, N. Y. 


Rotating Machinery 

W.R. Hough, chairman; Reliance Electric 
and Engineering Company, 1088 
Ivanhoe Road, Cleveland 10, Ohio 

C. G. Veinott, vice-chairman Lima, Ohio 

J. L. Fuller, secretary 


J. E. Allen Lancaster, Pa. 
W. R. Appleman Dayton, Ohio 
E. L. Bailey Detroit, Mich, 


Milwaukee, Wis. 
Schenectady, N. Y. 
New Haven, Conn. 
Minneapolis, Minn. 

Jackson, Mich. 


Sterling Beckwith 
B. H. Caldwell 
A. G. Conrad 
James DeKiep 

E. F. Dissmeyer 


Officers and Committees—1949-50 


L. O. Dorfman New York, N. ¥ 
W. H. Fifer Washington, D. C. 
D. E. Fritz Cleveland, Ohio 
J. S. Gault Ann Arbor, Mich. 
C, B. Hathaway Buffalo, N. Y. 
V. P. Hessler Urbana, IIl. 
L. E. Hildebrand Lynn, Mass. 
J. W. Jones Philadelphia, Pa. 
C. E. Kilbourne Schenectady, N. Y. 
A. A. Kroneberg Los Angeles, Calif. 
I. M. Levy Dayton, Ohio 
T. M. Linville Schenectady, N. Y. 
M. R. Lory East Pittsburgh, Pa. 
Clarence Lynn East Pittsburgh, Pa. 
W. E. Meserve Ithaca, N. Y. 
R. C. Moore Milwaukee, Wis. 
J. G. Noest New York, N. Y. 
E. I. Pollard Ridgway, Pa. 
C. P. Potter St. Louis, Mo. 
F. C. Rushing Buffalo, N. Y. 
V. E. Schlossberg East Chicago, Ind. 
M. L. Schmidt Fort Wayne, Ind. 
J. F. Sellers Milwaukee, Wis. 
P. H. Trickey St. Louis, Mo. 
R. W. Wieseman Schenectady, N. Y. 
S. S. Wolff St. Louis, Mo. 
Substations 


G. S. Lunge, chairman; Central Station 
Engineering Divisions, General Elec- 
tric Company, Schenectady 5, N. Y. 

R. C. Ericson, vice-chairman 
Hammond, Ind. 

Marino Fraresso, secretary 

Toronto, Ontario, Canada 
Atlanta, Ga. 
Philadelphia, Pa. 
Boston, Mass. 


T. J. Allen 
Herman Bany 
Harris Barber 


R. O. Bell Milwaukee, Wis. 
F. J. Berger Philadelphia, Pa. 
M. K. Brown Buffalo, N. Y 
C. C. Crane Madison, Wis. 
B. D. Dexter San Francisco, Calif. 
M. V. Eardley Los Angeles, Calif. 
G. P. Fallon Baltimore, Md. 
H. F. Gidlund Denver, Colo. 
C. D. Highleyman South Bend, Ind. 
K. B. Hoffman New York, N. Y. 
E. M. Hunter Schenectady, N. Y. 
S. C. Killian Chicago, II]. 
W. J. Lank Washington, D. C. 
N. G. Larson Chicago, Ill. 
J. T. Liener Portland, Oreg. 
W. MacAdam New York, N. Y. 
W. M. McCauley Greensburg, Pa. 
I. S. Mendenhall Detroit, Mich. 
D. C. Millard Denver, Colo, 
M. E. Reagan East Pittsburgh, Pa. 
2H Rize. jr Washington, D. C. 
W. S. Sheering Springfield, Mass. 
C. H. Smoke Portsmouth, Va. 
R. F. Stevens Portland, Oreg. 
K. L. Wheeler Cleveland, Ohio 
Switchgear 
F. A. Lane, chairman; American Gas and 
Electric Service Corporation, 30 


Church Street, New York 8, N, Y. 
H. V. Nye, vice-chairman West Allis, Wis. 
Otto Naef, secretary New York, N. Y. 


F. S. Benson San Francisco, Calif. 
C. K. Beyette Fort Worth, Tex. 
Harry Brown New Haven, Conn. 
J. S. Brown Pittsburgh, Pa. 
E. A. Childerhose Boston, Mass. 
H. W. Codding Newark, N. J. 
V. L. Cox Philadelphia, Pa. 
G. H. Doan Detroit, Mich. 
J. A. Elzi Jackson, Mich. 
W. E. Enns Portland, Oreg. 
K. J. C. Falck Philadelphia, Pa. 
R. M. Ferrill Chattanooga, Tenn. 
J. M. Geiger Buffalo, N. Y. 
W. J. Gilson Toronto, Ontario, Canada 
J. W. Graft Birmingham, Ala. 
W. C. Gragg Amarillo, Tex. 
W. D. Hardaway Denver, Colo. 
V. J. Hayes Waterbury, Conn. 
M. H. Hobbs East Pittsburgh, Pa. 
L. M. Hovey 

Winnepeg, Manitoba, Canada 
C. L. Killgore Denver, Colo. 
I. T. Knight Kansas City, Mo. 
H. A. P. Langstaft Pittsburgh, Pa. 
H. J. Lingal East Pittsburgh, Pa. 
F. W. McCloska Chicago, Ill. 
W. J. McLachlan Schenectady, N. Y. 
R. G. Meyerand St. Louis, Mo. 
E. F. Miller Rock Island, Ill. 
V. G. Muzsnay Schenectady, N. Y. 
M. L. Perry Kansas City, Mo. 
H. H. Rudd Greensburg, Pa, 
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E. K. Sadler Los Angeles, Calif. R.G. Hooke Newark, N.J. J. E. Clem Schenectady, N. Y. _D. K. Blake Schenectady, N. Y. 
A.W. Shelhorse Atlanta, Ga. L. R. Janes Chicago, Ill. G. W. Clothier Milwaukee, Wis.  P. W. Blye New York, N. Y. 
O. L. Sidenfaden Los Angeles, Calif. A. A. Johnson East Pittsburgh, Pa. Merrill De Merit Chattanooga, Tenn. C. A. Booker Boston, Mass. 
J. F. Sinnott San Diego, Calif. W. R. Johnson San Francisco, Calif. Jj. A. Elzi Jackson, Mich. Bryce Brady Oklahoma City, Okla. 
Gar land Stamper Dayton, Ohio  C. B. Kelley Des Moines, Iowa M. M. Ewell Portland, Oreg. T. J. Brosnan Buffalo, N. Ne 
A. Van Ryan South Milwaukee, Wis. _ C. L. Killgore Denver, Colo. I. W. Gross New York, N. Y. —__ Harold Cole ; Detroit, Mich. 
J. H. Vivian Los Angeles, Calif. M. H. Lovelady Corpus Christi, Tex. W. G. James Sharon, Pa. E. R. Coulbourn Birmingham, Ala. 
R. L. Webb New York, N. Y. N. M. Lovell Tucson, Ariz. A. A. Johnson East Pittsburgh, Pa. A. E. Curtis Montreal, Quebec, Canada 
C. E. Winegartner Cleveland, Ohio -C. W. Mayott Hartford, Conn. H. B. Keath St. Louis, Mo. H.A. Dambly Philadelphia, Pa. 
J. D. Wood Philadelphia, Pa. G. H. McDaniel New York, N. Y. D. L. Levine Chicago, Ill. A. E. Davison Toronto, Ontario, Canada 
J. GC. Woods Chicago, IIl. W. E. Montgomery Los Angeles, Calif. C. M. Lovell St. Louis, Mo. T. C. Duncan New York, N. Y. 
S. W. Zimmerman Ithaca, N. Y. S. B. Morehouse Philadelphia, Pa. M. L. Manning Bay City, Mich. H. A. Frey Baltimore, Md. 
2 r W. H. Osterle Pittsburgh, Pa. J. R. Meador Pittsfield, Mass. J. H. Hagenguth Pittsfield, Mass. 
System Engineering H. P. Peters Atlanta, Ga. | _V. M. Montsinger Pittsfield, Mass. K. E. Hapgood Chattanooga, Tenn. 
Earle Wild, chairman; Commonwealth  H. W. Phillips Philadelphia, Pa. -M. H. Pratt Syracuse, N.Y. __E. R. Hendrickson Maywood, IIl. 
Edison Company, 72 West Adams _ C. B. Signor Binghamton, N. Y. _ T. D. Reimers New York, N.Y. J. B. Hodtum Pittsburgh, Pa. 
Street, Chicago 90, Ill. W. O. Smith Mineola, N. Y. S. E. Schultz Portland, Oreg. E. K. Huntington Rochester, N. Y. 
Robert Brandt, vice-chairman G. M. Tatum Richmond, Va. W. C. Sealey Milwaukee, Wis. E. L. Kanouse Los Angeles, Calif. 
Boston, Mass. JoJoulesan Cleveland, Ohio F. L. Snyder Sharon, Pa. C. H. Kraft St. Louis, Mo. 
O. W. Manz, Jr., secretary R. M. Walker El Paso, Tex. K. M. Stevens Alhambra, Calif. A. A. Kroneberg Los Angeles, Calif. 
Brooklyn, N. Y. M. L. Waring New York, N.Y. J. M. Towner Baltimore, Md. J. T. Lusignan Mansfield, Ohio 
C. G. Adams Schenectady, N. Y. C. W. Watchorn Baltimore, Md. P. A. Vance Fort Wayne, Ind. D. W. Nethercut Elyria, Ohio 
C. P. Almon, Jr. Chattanooga, Tenn. G. S. Whitlow St. Louis, Mo H. H. Wagner Canonsburg, Pa. J. E. O’Brien Washington, D. C. 
John Bankus Portland, Oreg. A. L. Williams Los Angeles, Calif. | C. E. Winegartner Cleveland, Ohio _—_—E. W. Oesterreich Pittsburgh, Pa. 
M. L. Blair Spokane, Wash. J. S. Parsons East Pittsburgh, Pa. 
W. R. Brownlee Jackson, Mich. bea ee mrs CG. K. Poarch New York, N. Y. 
O. E. Charlton Birmingham, Ala. Transformers Transmission and Distribution L. M. Robertson Denver, Colo. 
O. A. Demuth Portland, Oreg. J. B. Hodtum, chairman; Allis-Chalmers I. W. Gross, chairman; American Gas and ne Robinson Niles, Mich. 
A. G. Dewars Minneapolis, Minn. Manufacturing Company, N. S. Electric Service Corporation, 30 we Rushlow Washington, D. C. 
W. B. Fisk New York, N. Y. Station, Pittsburgh 12, Pa. Church Street, New York 8, N. Y. E. V. Sayles Jackson, Mich. 
G.D. Floyd Toronto, Ontario, Canada F, J. Vogel, vice-chairman Chicago, Ill. S. B. Crary, vice-chairman A. N. Sheal Baldo Md 
A. P. Fugill Detroit, Mich. M. K. Brown, secretary Buffalo, N. Y. Schenectady, N. Y. F. V. Smi rae Chica 3 Il. 
E. E. George New York, N.Y. J. A. Adams Philadelphia, Pa. R. E. Pierce, secretary | New York, N. Y. : ae Ill. 
E. T. B. Gross Chicago, II. F. S. Brown Pittsburgh, Pa. C, E. Baugh San Francisco, Calif. K. M. Smith Chicago, i 
W. D. Hardaway Denver, Colo. R. J. Brown Toronto, Ontario, Canada A. E. Beattie Beaumont, Tex. E. C. Starr Corvallis, Oreg. 
H. L. Harrington Buffalo, N. Y. J. L. Cantwell Pittsfield, Mass. P. L. Bellaschi Sharon, Pa. C. F. Wagner East Pittsburgh, Pa. 
A. P. Hayward Pittsburgh, Pa. J. H. Chiles Sharon, Pa. H. C. Bingham Cleveland, Ohio R. L. Witzke East Pittsburgh, Pa. 

Institute R tati 

. 

Aeronautical Electrical Equipment Standardization Engineering Societies Monographs Committee L. J. Gorman New York, N. Y. 


W. V. Boughton, liaison representative with 


NASC and SAE South Pasadena, Calif. 


Alfred Noble Prize Committee, ASCE 
T. M. Linville Schenectady, N. Y. 


American Association for the Advancement of Science, 
Council 
J. W. Barker 


New York, N. Y. 
I. Melville Stein 


Philadelphia, Pa. 


American Research Committee on Grounding 
C. T. Sinclair Pittsburgh, Pa. 


American Standards Association, Standards Council 


F. E. Harrell Cleveland, Ohio 
Charles Rufus Harte New Haven, Conn. 
R. T. Henry Buftalo, N. Y. 
Alternates 

R. C. Bergvall East Pittsburgh, Pa. 
J. R. North Jackson, Mich. 
E. B. Paxton 


Schenectady, N. Y. 


American Year Book, Advisory Board 
H. H. Henline New York, N. Y. 


Construction Industry Advisory Council 
Henry A. Lardner New York, N. Y. 


Electrical Standards Committee, ASA 


John Grotzinger Akron, Ohio 
F. E. Harrell Cleveland, Ohio 
J. J. Pilliod New York, N. Y. 
Alternates 

H, E. Farrer New York, N. Y. 
I. W. Gross New York, N. Y. 
E. B. Paxton 


Schenectady, N. Y. 
Division Assignment 


Division on Communication and Electronics 


H. E. Farrer New York, N. Y. 
F. E. Harrell Cleveland, Ohio 
J. J. Pilliod New York, N. Y. 
Division on Power 

I. W. Gross New York, N. Y. 
John Grotzinger Akron, Ohio 
E. B. Paxton 


Schenectady, N. Y. 


Engineering Foundation Board 
J. W. Barker 
C. G. Suits 


New York, N. Y. 
Schenectady, N. Y. 
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F. M. Farmer 


New York, N. Y. 
W. I. Slichter 


New York, N. Y. 


Engineers’ Council for Professional Development 

M. S. Coover Ames, Iowa 
E. W. Davis Cambridge, Mass. 
M. D. Hooven Newark, N. J. 


Engineers Joint Council 


J. F. Fairman New York, N. Y. 
H. H. Henline New York, N. Y. 
B. D. Hull Dallas, Tex. 


Everett S, Lee Schenectady, N. Y. 
General Electric Educational Fund Fellowship 
Committee 
J. F. Fairman New York, N. Y. 
Hertz Award Committee 
M. S. Coover Ames, Iowa 


Hoover Medal Board of Award 


H. S. Osborne New York, N. Y. 
David C. Prince Schenectady, N. Y. 
J. G. Tarboux Ithaca, N. Y. 


Industry Committee on Interior Wiring Design 
M. M. Brandon New York, N. Y. 
L. C. Peterman New York, N. Y. 


John Fritz Medal Board of Award 


N. E. Funk Philadelphia, Pa. 
J. Elmer Housley Alcoa, Tenn. 
B. D. Hull Dallas, Tex. 


Everett S. Lee Schenectady, N. Y. 
Joint Committee for Development of Statistical Appli- 
cations in Engineering and Manufacturing 
W. P. Dobson Toronto, Ontario, Canada 


Library Board, United Engineering Trustees, Inc. 
George Sutherland New York, N. Y. 
H. M. Turner New Haven, Conn. 


Marston Medal Board of Award 


Harry B. Gear Chicago, Ill. 


National Association of Corrosion Engineers, Inter- 
Society Committee on Corrosion 


Officers and Committees—1949-50 


H. M. Trueblood Dobbs Ferry, N. Y. 


National Bureau of Engineering Registration, 
Advisory Board 


Elgin B. Robertson Dallas, Tex. 


National Electronics Conference, Board of Directors 


W. G. Dow Ann Arbor, Mich. 
National Fire Protection Association, Electrical 
Committee 


W. B. Kouwenhoven 
Robin Beach, alternate 


Baltimore, Md. 
Brooklyn, N. Y. 


National Fire Waste Council 
Robin Beach 
W. B. Kouwenhoven 


Brooklyn, N. Y. 
Baltimore, Md. 


National Research Council, Division of Engineering 
and Industrial Research 


W. B. Kouwenhoven Baltimore, Md. 


National Technological Advisory Committee 
Quarterly of Applied Mathematics 


M. G. Malti Ithaca, N. Y. 


United Engineering Trustees, Inc. 
J. F. Fairman 

W. H. Harrison 

D. A. Quarles 


United States National Committee of the International 
Commission on Illumination 

Ward Harrison 

Harris Reinhardt 

E. H. Salter 


New York, N. Y. 
New York, N. Y. 
New York, N. Y. 


Cleveland, Ohio 
Flushing, N. Y. 
New York, N. Y. 


United States National Committee of the International 
Electrotechnical Commission 


W. P. Dobson Toronto, Ontario, Canada 
H., E. Farrer New York, N. Y. 
F. E. Harrell Cleveland, Ohio 
E. B. Paxton Schenectady, N. Y. 
J. J. Pilliod New York N. Y. 


Washington Award Commission 
W. A. Lewis, Jr. 
Frank V. Smith 


Chicago, Ill. 
Chicago, Ill. 


World Power Conference, Executive Committee of 
United States National Committee 
J. F. Fairman New York, N. Y. 
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City 2, Okla. 

Ottawae vacances sciscies sistecte se LO ana ses AURC HAI 49 are clare red Fleming nren se site Gordon Cathcart....... 137 Clarendon Ave., Ottawa, Ontario, Canada 

Panhandle Plainsicrc.- sens sem > a Nfiee tl 2A ATi ees George Duprces = -.-- oe Ga BUntOM rts teres Box 631, Lubbock, Tex. 

Philadelphiave cements 0) (2ieieraress Bebrat sss 0Sme aps W.oBo Henny ices < c's kl. Ms Sheppardi.. 22... Rumsey Elec. Co., 1007 Arch St., Philadelphia 7, Pa. 

Bigtsburghceacanctvr te haters Lena's ai Oety 135" 0252s. Pier Schloug his... si LN, Grieriin. aeetieaen: Aluminum Co. of America, 801 Gulf Bldg., Pittsburgh, Pa. 

Bat tate dee trenches eee yee Lawless Mare 25s 04 cre nels aby Be Rodhousem are <1 Gules Vallinin santas ae General Elec. Co., Pittsfield, Mass. 

Portlandey ye/asotnneiise eee eines May: 185090. Re Bardem ple aera. cetera Waldo)Porteroncn. ee Aluminum Co. of America, Vancouver, Wash. 

PTOVICETICE san statstrietorneheisie crite ncue bias sass Maxi 2) 22.0) rere ons OSES aw y Cisrem cise C. B. Leathers..........General Elec. Co., 111 Westminster St., Providence, R. I. 

PICHIA taco ohm cheats, eam ee Apt. 23,°48 5.6.5 IW. Je Dowise eae ae tees oes By Crows), oiteiste tees © 206 Barth Ave., Richland, Wash. 

Rochester pin dia store ic ialateyds oo spar entee! (OYots Mie aed ea Bel an ioinig poten aed E..M. Morecock........ 817 Chili Ave., Rochester, N. Y. 

RockiRiver Valleyaere ties seri t Dray Apt 2a ATi sere ean et COXNCAGaiamaters etal et Wr. Busch 2. eyes sas 1421 North Church St., Rockford, Il. 

Psp LOUIS eos sre au ape data coaye cca S19 lye tle a) si' Janes 4,203 So sa,er RSI CE ED OMT aye isieusi cess ores et= en Gebebensy. | ieee ante 7322 Melrose Ave., University City, Mo. 

SaniMieg omen teens eee nl ener ar « Janse Loses Ogee: Hee SINNOtes yes islets > ORL a Doolittle taser 4738 Works Place, San Diego 4, Calif. 

Sanu lranciseo.mreners:..c.casiieiiien Occ cia Deon 2723, 0 4a TT. G. MeFarland 2 6:0... Remi Bollaert. ......=....- Westinghouse Elec. Corp., 410 Bush St. , San Francisco 8, Calif. 

Schenectadyte= acre sie cme ars ceie) Legis si fant 265305 HN GIGR RET 8. odd cd Hina nin Me iE G eoponceooAese General Elec. Co., Bldg. 69, Schenectady 5, N. Y. 

SGAtHOs eames ain coers ions orate oials aiere.: Jat 195704 oe cies Ray; Rad erin acistatatr ass HE Rig oe Wireitinessieiseeas General Elec. Co., 710 Second Ave., Seattle 11, Wash. 

ARON mira ciate ieee the aiacpien ears e Mig UL, 25 hci ors GOR. Monro€ixes. an3 = i TNE a Eri toere 4 Saeen 59 South Oakland Ave., Sharon, Pa. 

Shreveport acrericr sre rieia nas ceeuntee Ana leanie's June) 125 47a an Tones, Williams espn « GoM, Gs Pons fin sverige» 3536 Del Rio, Shreveport 65, La. 

Sie Hae tei aces coum ows at o oe onee Pebr 26541. on. i ey AERO opm anaccoatde Rayhue Neighbours..... 526 So. Twyckenham Drive., South Bend 15, Ind. 

Sati (Carolina ys aise ue tr ae A orsayate Mars 25°40) oc605 Bi. P. Miller cies: cave onic W. E. Dent, Jr..........The Springs Cotton Mills, Lancaster, S. C. 

Outi exagdite ate. ccs.cnctnie ates sicpenenal mie was May 23.0730 care Ths Aa Antes: sreneyate,sasset se R. R. Krezdorn. .. 12... 153 Engg. Bldg., University of Texas, Austin, Tex. 

SPO kates teetnieat ies eiei craves ak Osanna sie Bebia (413i Ley VeuViacliean its cieats snc Ro IM. Gilbert ..nnemnded Westinghouse Elec. Corp., 1023 West Riverside Ave., Spokane 8, 
Wash. 

fsa ist aitetchs he Sea oa none om Leeeaeod JUS 295 722i car. cis W.. Es Maxwell osis.s: 05,15 «ts WiselomiW/ESty) Cae syaetaierats 54 Churchill Road, West Springfield, Mass. 

DS NLACUSE saree ain ei ieisle siege ousueyassfep Wa se, ene: 6 TNE NV YAU E Reereor De Hershey... aiains:ieteets PD Graleyce ne sare vse Central New York Power Corp., 300 Erie Blv’d., W. Syracuse, 
NEY. 

PE OLCU Gaiam oe as nase eG inane, ur sie aed saa ARES ES EAIUAR ere craic PRA; Portaris cewencarecs W. M. Campbell....... 2145 Central Grove Ave., Toledo, Ohio 

POPC: os nin s. sit sceie je Kia arapeays 1Oo caine Dept 505 OS cies a Nisomerville ens eyee W. R. Harmer. ..... +... Hydro-Elec. Power Co. of Ont., 620 Univ. Ave., Toronto, On- 
tario, Canada 

FU EEN AA Aeiastes nine inielien eislee ganie wo eveie ce dase b leis Met. TSP BT oa oes Wick RAV sic a crsagenasiele oats WAH. Plamers. ccs es0: Southwestern Bell Tel. Co., 424 So. Detroit, Tulsa, Okla. 

(Un ARE Soe Gites at SOB aCe oa eto ae INOVa 255 02a. H. N. Hayward....:.... Pa Re TugDOnty aie eveusiaptars University of Illinois, Urbana, Ill. 

EES Sea te ee ee Se emer Marie Ord scans PGW ald ic. ctrdssie. ccs orsre:s J. A. McDonald........ General Elec. Co., P. O. Box 779, Salt Lake City 1, Utah 

WAN COUVERsarsmiaraminsin: scene oie d On 7 10,8.5)9 UG s 2o gel sisters WW se latin ots fa aje-<tavetepaisrss F. O. Wollaston........ B. C. Elec. Ry. Co., Ltd., 425 Carroll St., Vancouver, British 
Columbia, Canada 

WAR aA Rs 0) oteoo chalet or. eee aa May. 195220. 0 00. ISSIR Its (3c Ban enanonone Pees PuaCh CK etn e=e ses P. O. Box 1194, Richmond 19, Va. 

VNCCLN Ta GO re ne ERE n os OU Son Ceased Apes 6952036322 Dixons Lewis cite smiesiicel Tie Via BOVE cmishstaivicias 7213 Bradley Blvd., Bethesda 14, Md. 

West WIC sie cere cicicinicijeieis sts « same Apts O54 On ews Low sy NS lor lone ae os Jade Bitzgibboni ssc... 306 McCorkle Ave., Charleston 28, W. Va. 

Western VAGINA ne aereleisisre cals hose aE ACE CR rn Tra Ey MeManiirs wassie+s E. L. Munday, Jr.....-. P. O. Box 2021, Appalachian Elec. Power Co., Roanoke, Va. 

ily Pa TUE Pel tye aie RC i AER Sept kG 251 acre « Re Bee ric civ vive woes AE AES NG) Iris Somioacis Kansas Gas & Elec. Co., 201 No. Market, Wichita 2, Kans. 

WUSMOCRECE Nelellsia\etstarsioicis: <sisle sua), & slminiaraae Bebo lese cee ats De ea POXGLV Al a cisis.cieisie core W.G. Coleman........ General Elec. Co., 507 Main St., Worcester 8, Mass. 

MOtal Sechons os. .2\0 e000 << 
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Subsections 


Name Chairman Secretary Secretary’s Address 
Albuquerque (New Mexico-West Texas Section)...... W. O. McCord, Jr....... Ay aay LON sratelsisialeleterers 1722 East Gold Ave., Albuquerque, N. Mex. 
Baton Rouge (New Orleans Section)................ By. Re Adams sneer sive cuss | ed! eal Bt Reine cee Be iyo 3155 Lakeshore Drive, Baton Rouge 15, La. 
Billings'( Montana Section); ec Senin ele vcore viele cece verre obate tle vel a ele yess anteversion Harold Blacks. caaiesver ce 714 Avenue G, Billings, Mont. 
Binghamton Area (Ithaca Section).................. Koc NOOR 4. cee en eets aba Peterson. annette Westinghouse Elec. Corp., 86 Court St., Binghamton 62, N. Y. 
Boulder City (Los Angeles Section)................. WoH Taylor cen citar PSA. Gatham ncn Los Angeles Water & Power Dept., 600 Nevada Highway, Boulder 


City, Nev. 


Casper, Wyo. (Denver Séction))enenietrel-teivieteteteltate at 
@entral! Texas (North Dexas) Wes, a ee eee ettaae 


Centre County (Pittsburgh Section)................. Ro Jj: E. Hemnian?-..... Ro M:...Smatth isc cece Ord. Res. Lab., Penna. State Col., State College, Pa. 

Charleston (South Carolina Section)................ 

Charlotte (North Carolina Section).............-.-. M.S Deftwicheeus es mies I. G. Wallace, Jr........205 Wales Ave., Charlotte, N. C. 

Columbia (South Carolina Section)................. 

Corpus’ Christi (South TexasiSection) 7... s-11ge to eer etka) Da WVCAVED a cistern ois erate J. H. Watts, Jr..........Westinghouse Elec. Corp., 508 Medical Professional Bldg., Corpus 
Christi, Tex. 

Fores Worth (North) Texas Section). sete rie eee Jolus Candtyn, coe eee Karl]. Ratlifiycnys-tsatals 1101 Electric Bldg., Fort Worth 2, Tex. 

Fox River Valley (Milwaukee Section)...............Herbert F. Weckwerth....Donald Christison....... 209 Frederick St., Menasha, Wis. 

Freeport (Houston Section))/..4.2..27. oo ee kan oan es FoKs Brownuneicreeri ae R. B. Adams P. O. Box 413, Lake Jackson, Tex. 

Bresno (San Francisco Section) Smee sorte eerie Co LY Smith..cciee teen ee William Green......... U.S. Bureau of Reclamation, T, W. Patterson Bldg., Fresno 1, Calif. 


Great Falls: (Montana, Section) (yo. .ccecs sale. sees 
Hamilton (Toronto Section). 2. 0400. 600.0 8aee ese 


Hampton Roads (Virginia Section)................. GC. Ba Plastings: cence ead pt Lethe letsctettstetet ts Va. Electric & Power Co., Newport News, Va. 

Hudson Valley (New York Section)................. W. E. Smalley...........J. E. Ruscher...........49 Carroll St., Poughkeepsie, N. Y. 

Jackson (Miss.) (New Orleans Section).............. 

Jacksonville (Florida Section)... 2.6... 6005000+0-00% 

Johnstown (Pittsburgh Section), ..............--+-+ W.Ro Wood iran ceateans RS. Baa. Gopeacocmiae Univ. of Pittsburgh, 325 Cypress Ave., Johnstown, Pa. 
Lake Charles (New Orleans Section)............-.... G. B.S. Ricketts.........J. J. Alleman...........29 Hibiscus Road, Maplewood, La. 

Lancaster York (Maryland Section)................. Wil. Preuridse:25-4 es H. H. Wittenberg....... RCA Victor Div., Radio Corp. of America, Lancaster, Pa. 
Lima) (DaytoniSection) see a yite aie eeteee ereee BOF Austin, siccstee ies O. M. Swaine cic nene ds Westinghouse Elec. Corp., Engg. Dept., Lima, Ohio; 
Mid-State (North Carolina Section).................F. R. Jackson, Jr.........L. H. Allcorn, Jr........2425 Elizabeth Ave., Winston-Salem 7, N. C. 

Muscle Shoals (East Tennessee Section).............. 

Nashville (Memphis Section)......5...00+++++++02:: Walter Criley 25.00. EB; Ro Boruch ean ore 1229 Stahlman Bldg., 234—3rd Ave., North, Nashville 3, Tenn. 


New Hampshire (Boston Section).................-- 
iNew, Jersey (New York Section)=-- + area aes eiee 
Northern New York (Syracuse Section) \- (sees eicjccee et) be Luanna rnlerers etc rore veya saver La) a) ONES s/o fetetetey Teel New York State Agric. & Tech. Inst., 8 College St., Canton, N. Y. 


Northwest Arkansas (Arkansas Section)..............W. B. Stelzner 


eet R. E. Anderson,.........Southwestern Gas & 


Oak Ridge (East Tennessee Section)..............-- 
Ouad-Cities (lowa-Seetion) 2.00.4 09s eees ce nen eae 


Elec. Co., De Queen, Ark. 


Red River Valley (Minnesota Section)..............M.R. Hughes...........H. K. Ugelstad........ Northern States Power Co., 612 N. P. Ave., Fargo, N. Dak. 
Richmond (Virginia Section)..................-.--- Gils Gikesonsan eee L. D. Johnson, 3rd......R. F. D. 7, Box 201, Richmond, Va. 

Sacramento (San Francisco Section)................. GOR Dayiircs.ce cece G. A. Fleming.......... 3711 17th St., Sacramento 18, Calif. 

Saginaw Valley (Michigan Section)................. Bb dlolmpren res «cs ato s aq Cbetmn aoe ain ac 401 W. Sugnet Road, Midland, Mich. 


St. Maurice Valley (Montreal Section).............. 


San Jose (San Francisco Section)...............-.-. 1. OW Vempleton: iene ct Warren Raab...aesee ss 1188 Thornton Way., Campbell, Calif. 
Sangamon (Illinois Valley Section)..................G. E. Sangster.......... J. T. Youngblood. ..... Sangamo Elec. Co., Springfield, Ill. 

Shasta (San Francisco Section)................0.0-: W. G. Whitney..........G. A. Thompson,........U.S. Bureau of Reclamation, Redding, Calif. 
Uri-State (West Virginia Section) .--eee eee 

West Central Texas (North Texas Section)........... ReaD: Henleycss ossle <1. Co Da Lerpert aponis erties Route 2, Hamlin, Tex. 

WestCoast @iorida) «nh, sous. aot ne me nee 

West Michigan (Michigan Section)................. R. M.. Chermak.;...¢.00<,- LA. Zahorskynenaeeite 127 Colfax, N.E., Grand Rapids, Mich. 


Wilmington (Philadelphia Section).................E.W. Randall, Jr........ MOBI MG lags loncome doco R. F. D. 3, Box 156, 


Wilmington, Del. 


Zanesville (Columbus)Section)s... 0.50. sere v vn ee. Lee WV, Elartsook.. scene GAGs Winters. Senne 1115 Seborn Ave., Zanesville, Ohio 


Geographical District Executive Committees 


Chairman Secretary Chairman, District Committee on 
District (Vice-President, AIEE) (District Secretary) Student Activities 

1 North Eastern..... Victor Siegfried, American Steel & Wire Co.,....Frederick G. Webber, 9 Federal Court, Spring-....A. G. Conrad, Yale University, New Haven, 
Worcester 7, Mass. field 5, Mass. Conn. 

2 Middle Eastern....C. G. Veinott, Westinghouse Electric Corp.,....W.A. Dynes, 312 Lonsdale Ave., Dayton 9, Ohio....K. F. Sibila, University of Akron, Akron 4, 
Lima, Ohio Ohio 

3 New York City....J. L. Callahan, R. C. A. Laboratories, Radio....R. T. Oldfield, Public Service Commission, 233....F. A. Wahlers, Polytechnic Inst. of Brooklyn, 
Corporation of America, 66 Broad St., New Broadway, New York 7, N. Y. 99 Livingston St., Brooklyn 2, N. Y. 
York 4, N. Y. : 

4 Southern psc isis W. J. Seeley, Duke University, Durham, N. C....... T. H. Mawson, Commonwealth & Southern...L. V. McLean, Louisiana State University, 

Corp., 600 North 18th St., Birmingham 2, Ala. Baton Rouge 3, La. 

5 Gréat Lakes. ican E. W. Seeger, Cutler-Hammer, Inc., 315 N. 12th... .N.C. Pearcy, Pioneer Service & Engineering Co.,....E. W. Kane, Marquette Univ., 1515 W. Wis- 
St., Milwaukee 1, Wis. 231 S. LaSalle St., Chicago 4, Ill. consin Ave., Milwaukee 3, Wis. 

6 North Central..... W. C. DuVall, University of Colorado, Boulder,....G.E. Gless, Jr., University of Colorado, Boulder,....C. H. Chinburg, Colorado A. & M. College, 
Colo. — Colo. Fort Collins, Colo. 

7 South West........G. N. Pingree, General Electric Co., 1801 N.....Gibbs A. Dyer, Southwestern Bell Telephone....Ralph W. Tapy, University of New Mexico, 
Lamar St., Dallas 2, Tex. Co., Dallas 1, Tex. Albuquerque, N. Mex. 

8 Pacifico. atecmorcican R. A. Hopkins, Westinghouse Electric Corp.,....T. M. Blakeslee, Dept. of Water & Power, City....R. C. Lewis, University of Southern Calif., 
600 St. Paul Ave., Los Angeles 14, Calif. of Los Angeles, 207 South Broadway, Los Los Angeles 7, Calif. 

Angeles 12, Calif. 

9 Northi Westin 3 Richard McKay, Washington Water Power Co.,....H. C. Glaze, Jr., General Electric Co., S. 162....V. L. Palmer, University of Washington, 
West 825 Trent Ave., Spokane 6, Wash. Post St., Spokane 8, Wash. Seattle 5, Wash. 

UO) Ganada ren ouichy.vaee A. H. Frampton, English Elec. Co. of Canada....J. I. Gram, Hydro-Electric Power Comm. of....W. B. Coulthard, University of British Co- 
Ltd., St. Catharines, Ontario, Canada Ont., Box 237, Niagara Falls, Ontario, Canada lumbia, Vancouver, British Columbia, 


Canada 


Note: Each District executive committee includes also the chairmen and secretaries of all Sections within the District, the District vice-chairman of the AIEE membership com- 
mittee, and a member of the Sections Committee who is resident in the District. 
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ELECTRICAL ENGINEERING 


Student Branches 


Counselor Counselor 

Name and Location District (Member of Faculty) Name and Location District (Member of Faculty) 
Akron, University of, Akron, Ohiow, ca. scenes meee oe Zire ise Dusipila Nevada; University, of, Reno... sniueme ne one see niaer 8...1. J. Sandorf 
Alabama Polytechnic Inst., Auburn..................+ 4...R. D. Spann Newark College of Engineering, Newark, N. J........... 3...C. R. Moore 
Alabama, University of, University.................... 4...W. F. Gray New Hampshire, University of, Durham, N. H.......... Davthe Js Merlin 

Alberta, University of, Edmonton, Canada............. 10...R. E. Phillips New Mexico Collegesof A. & M. Arts, State mel Soe 7...Russell Riese 
Avizona, University of, Tucson :<ascsciens+ css ones inne 8...J. CG. Clark New Mexico, University of, Albuquerque. . .. 7...J. Lawton Ellis 
Arkansas, Unive of, Payettesville js. pects « ae ctsvercte otis, « 7...N. H. Barnette New York, College of the City of, New Y: on N. y. 3...Harry Baum 

a f ‘ New York, University of, New York................... 3...James Ley 
British Columbia, Univ. of, Vancouver, Canada.........10...W. B. Coulthard N . : “ . : 

3 i orth Gerelne State College, Raleigh... \.. 5.005.254 65:.. <6 4...W. D. Stevenson, Jr. 
Brooklyn, Polytechnic Inst. of, Brooklyn, N. Y., (Day)... 3...F. A. Wahlers : - 
2 3 di Z North: Dakota Agri. College; Fargo... . 2 -.<<--2<ees > 5...Harry S. Dixon 
Brooklyn, Polytechnic Inst. of, Brooklyn, N. Y., (Evening). 3. Anthony B. Giordano N. 3 : a ep 
2 : z 5 orth Dakota, University of, Grand Forks.............. 5...K. B. MacKichan 
Brown University, Providence; Rawlacwiet scale siereien evelsie e+ 1...F. N. Tompkins h : : 
uckuell Unweniy: Lewisburg Ps SMe ys Gawler Northeastern University, Boston; Masiis 224.0. < ohne 1...Roland G. Porter 
2 Eg Ne ae ee Bee Pe 2 Northwestern University, Evanston, Ill................. 5...A. H. Wing 
California Inst. of Technology, Pasadena............... 8...William H. Pickering Norwich University, Northfield, Vt.................... 1... 
California, University of, Berkeley....................- 8...R. M. Saunders Notre Dame, University of, Notre Dame, Ind........... 5...L. F. Stauder 
Carnegie Inst. of Technology, Pittsburgh, Pa............ 2...George M. Anderson . 5 . 
2 iio Northerm University, Ada......-+-++.-ese scene esse : ope < 
Case Inst. of Technology, Cleveland, Ohio............. 2...Carl F. Schuneman ae i ate ap en ‘ 7 Ptashne 
Catholic University of America, Washington, D. C....... 2...J. C. Michalowicz Ono Weirenn patty fp ee Pee DRE ee eee” 

Fees A 5 Sees ‘ i RG EIEN ETSULY CANCERS & 6550 Soh apetn staitin Sire Siee erersta a 5 2...D. B. Green 
Cincinnati, Univ..of, Cincinnati, Ohio. .... 2.0.0.0 00.05 2...A. C. Herweh OllahorAe Sani GolleseuSallewater 7...David L. Johnson 
Clarkson College of Technology, Potsdam, N. Y......... 1...George W. Reed OLE Waiver of ia i ivisa Gt ot eI Tae 
Clemson A. & M. College, Clemson, S. C.............. 4...F. T. Tingley Oregon SiGe College, ecw Pile tate al o-. Melvin J Kofoid 
Colorado A. & M. College, Fort Collins............... 6...C. H. Chinburg Adem be maa Ca” oF a Mane Oras aaa : 

Colorado, University of, Boulder..................---+ 6...W. G. Worcester Pennsylvania State College, State College.............. 2...A. P. Powell 
Golumbia University; New Yorks Ne Yer cc.c cutee sre neces 3...W. A. LaPierre Pennsylvania, University of, Philadelphia............... 2...Kenneth C. Fegley 
Wonnecticut, Cuniva Of StOLes yee emit ere ec erence epernees 1...Clarence W. Schultz Pittsburgh, University of, Pittsburgh, Pa................ 2...R.C. Gorham 
G@ooper Union; New Yorky No Y..s.ccce ce nace cnerniecs 3...E. W. Starr Pratt Institute, Brooklyn, IN. Yoe.. cesses cjetsce ss ocak vies 3...Robert B. Morgan 
CornellUniversity ithaca, N., Yane.rseeme see a aaee. 25 Linas. S: Mel lroy. Princeton University, Princeton, N. J.. ee eer Aa NOLAN, Ve Mather 

. ; Puerto Rico, University of, Mayaguez, Pp. Re ...... 3...Miguel Wiewall, Jr. 
pe ee ae Set sete reas Sea a i “7 re zaeene Purdwe University, Lafayette, Tix ya ascls) nese ls otis aslsistattels 5...C. R. Nichols 

- - wiGolosaiicnrys wmrasire sinwe es -. A, M. 
Detroit, University of, Detroit, Mich.......2..2..00..-5 5...H. O. Warner Rensselaer Polytechnic Institute, Troy, N. Y............ 1...Emerson D. Broadwell 
Drexel Inst. of Technology, Philadelphia, Pa............ 2...F. C. Powell Rhode Island State College, Kingston................. 1...John L. Hummer 
Duke University, Durham, No Coe csa. enna oes ae vee 4..,Otto Meier, Jr. Rice Instreate;. oustomy LOX oye. oye cis coehart sievetecersye cis sin) she 7...J. S. Waters 
: Rose Polytechnic Institute, Terre Haute, Ind............ 5...C. C. Knipmeyer 
Renn College, Cleveland, Ohio. n< cic cssce slecs eta. s 2...R. W. Schindler : : 3 : j 
: Bae ie Rut U ty, 7 Oi) eaprraceuare ate eels cedl2ails fe 

Ploriday University ‘of, Gainesyillesscmas oe oar oe beetle 4...Paul H. Nelson Te Ie I ed ae PERE at 

: F ; Santa Clara, Umy.of, Santa ‘Clara, Califo... ois. 2 .er es 8...Henry P. Nettesheim 
George Washington Univ., Washington, D.C........... 2...Jerome S. Antel, Jr. South Carolina, Univ. of, Columbiasa....<0..5-ss-5> 4...S. A. Ferguson 
Georgia Inst. of Technology, Atlanta, Ga............... 4...H. B. Duling South Dakota School of Mines & Tech., Rapid City..... 6...J. O. Kammerman 

: * F : South Dakota State College, Brookings................. 5...Wm. H. Gamble 

H ba ge, 8 

ONES AS NAZIS CET SACS SBSL 8c Betty OS ang Teo Eases Southern California, Univ. of, Los Angeles............. 8...Rodney C. Lewis 
Fdaho; University Of; MOscoOWs, seme clajare nests s sfelecieiz ars 2 = 9...J. Hugo Johnson Southern Methodist Univ., Dallas, Tex. seseeee. 7...F.W. Tatum 
Illinois Inst. of Technology, Chicago................... Siow. L. B. Gross Stanford University, Stanford, University, Calif. .... 8...W. G. Hoover 
(Winorsy University Of, Urbana scree asizc ei cinietets eins iz iee sien 5...E. A. Reid Stevens Inst. of Technology, Hoboken, N. J.. ceeeee Orin Wed oullivan 
Towa state Gollepe, Ames... ernest sete cae coe: 5...G. Richardson Swarthmore College, Swarthmore, Pa.................- 2...C. A. Lister 
foway University, of) Lowa Gity.dascaceciee dee vcs. tans Bienes. Koantz Syracuse University, Syracuse, N. Y................--. 1...Henry F. Cooke 
Johns Hopkins University, Baltimore, Md............... 2...T. Larsen Ween ey of, teas s rE CLE aie ae eG ee 

‘exas, A. - College of, College Station............. 7...N. F. Rode 
Kansad State College, Manhattan. ciciecce.. veces ene 7... Earl L,. Sitz Texas Technological College, Lubbock................. Wasco: 
8 
Hansas- University Of, Lawrence scam sie sera amiersiets ete) tov 7...E. B. Phillips Pexas; Wniversity ofA ustin sy ..0)e css iessiststedes =e wheter e's) crope ote 7...A. J. McCrocklin, Jr. 
Kentucky, University of, Lexington.................... 4...H. Alex Romanowitz Toronto, University of, Toronto, Ontario, Canada....... 10...L. S. Lauchland 
é atutts;Gollezen Medtord) Miasgiecaicw:-:sam site cin ester sie) = 1...A. H. Howell 
Lafayette College, Easton, Pa...............+-....---. 2...J. G. Reifsnyder Tulane University, New Orleans, La..............-.--- 4...Marion E. Forsman 
Lehigh University, Bethlehem, Pa... 5 .......2.-.-+----- 2.-.W. Lyle Donaldson ; 
Louisiana Polytechnic Inst., Ruston, La................ 4...Milton R. Johnson, Jr. Union College, Schenectady, N. Y tee ee eee 1...OQwen G. Owens 
Louisiana State University, Baton Rouge.............-. Auk Ve MeLean Utah, University of, Salt Lake Gity..-.....--.:.-----:. 9-.-O% CG) Haycock 
Louisville, University of, Louisville, Ky................. 4... Harry T. Smith Vanderbilt University, Nashville, Tenn................. 4...S. R. Schealer 
2 Vermont, University of, Burlington.)....2. 20.2226 25-5 = 1...Howard M. Smith, Jr. 

Beene a Vee BEY RONG fetta steep) seman: 1...P. M. Seal F Willanova’ College; Villanova, Pave..se. see ss eee oes 2...John B. Clothier 
Manhattan College; New York, Nic Yecie sje es eco senses 8.8 3...Robert T. Weil aA rg 5 f 5 

: : , g < > Virginia Military Institute, Lexington.................. 4...J. 8. Jamison 
Marquette University, Milwaukee, Wis................. 5.1... We Kane mera : 7 5 

A 5 . Virginia Polytechnic Institute, Blacksburg.............. 4...Claudius Lee 
Maryland, University of, College Park................. 2...L. J. Hodgins Vincinie Univesity of Chaslottesuill Ae Gorin Canter 
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Scopes of AIEE Technical Committees 


The following sections list the names and 
scopes of the various AIEE technical com- 
mittees. In accordance with the revised 
committee structure set in motion by the 
Board of Directors at a meeting in Worcester, 
Mass., April 23, 1947 (EE, Jun’47, pp 597-8), 
and approved as latest list of committee 
functions by the Board of Directors at their 
meeting in Swampscott, Mass., June 23, 1949, 
these committees are organized under the 
following groups: Communication; General 
Applications; Industry; Power; and Science 
and Electronics. 


Communication Group 


COMMITTEE ON AURAL BROADCASTING 
SYSTEMS 

Scope—Treatment of that branch of com- 
munications in which the dominant factors are 
amplitude-modulation and frequency-modu- 
lation broadcasting stations, studio equip- 
ment, home radio receivers, and other facili- 
ties related to the broadcasting of aural 
programs for entertainment and instruction. 


COMMITTEE ON COMMUNICATION 
SWITCHING SYSTEMS 

Scope—Treatment of that branch of com- 
munications in which the dominant factors 
are manual and automatic switching facilities 
and apparatus associated with communica- 
tion systems. 


COMMITTEE ON RADIO COMMUNICATION 
SYSTEMS 

Scope—Treatment of that branch of 
communications in which the dominant 
factors are radio communication systems of 
all kinds such as point-to-point systems 
including radio relay for telephone, tele- 
graph, or television; and mobile systems 
for land, marine, or air-borne services. 


COMMITTEE ON SPECIAL COMMUNICATION 
APPLICATIONS 

Scope—Treatment of those branches of 
the communications field which do not logi- 
cally fall within the scope of the other com- 
munication committees such as: electroa- 
coustics, including wire tape and disk 
recording; railroad communications; and 
subjects related to materials and components 
used in communication apparatus. If the 
field of application of these materials and 
components falls also within the scopes of 
other technical committees, action with those 
committees may be joint. 


COMMITTEE ON TELEGRAPH SYSTEMS 


Scope—Treatment of that branch of com- 
munications in which the dominant factors 
are the terminal and intermediate equip- 
ment or associated apparatus utilized in 
providing telegraph services over manual or 
automatic facilities. It includes also other 
forms of record communication such as 
facsimile, telephoto, teletypewriters. 


COMMITTEE ON TELEVISION 
BROADCASTING SYSTEMS 


Scope—Treatment of that branch of com- 
munications in which the dominant factors 
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are those activities related to television 
broadcasting systems including studio and 
mobile pick-up equipment, studio-trans- 
mitter links, television receivers, and other 
facilities associated with the technique of 
telecasting. 


COMMITTEE ON WIRE COMMUNICATION 
SYSTEMS 


Scope—Treatment of that branch of 
communications in which the dominant 
factors are wire transmission systems and 
associated apparatus as applied to open- 
wire lines, land and submarine cables for 
providing telephone service, and program 
transmission for aural and television broad- 
casting. 


General Applications Group 


COMMITTEE ON AIR TRANSPORTATION 


Scope—Treatment of all matters in which 
the dominant factors are the design, installa- 
tion, and performance of airplane equip- 
ment, including batteries, generating equip- 
ment, voltage regulators, instruments, wiring 
devices, motors, special controls, reverse 
current cutouts, bonding, shielding, filtering, 
inverters, dynamotors, lightning detection 
and protection, lighting (interior and ex- 
terior), system characteristics, weight-power 
relationships, and heating devices. With 
respect to communication and navigation; 
ground lighting; electric testing equipment 
for measuring strain, vibration, noise, corro- 
sion, and so forth; and electric welding of 
airplane structures; action should be in 
co-operation with the respective AIEE 
technical committees in these fields and 
similar committees of other organizations. 


COMMITTEE ON DOMESTIC AND 
COMMERCIAL APPLICATIONS 

Scope—Treatment of all matters in which 
the dominant technical factors are the 
interior supply and utilization of electric 
power in domestic premises, such as single 
or multiple dwellings, garages, and other 
accessory structures, and in institutional 
buildings such as hospitals, schools, libraries, 
and so forth. Such subjects as control, 
interior wiring, heat-operated and motor- 
operated appliances or equipment for use in 
domestic, commercial, or institutional prem- 
ises, including elevators and _ escalators, 
are properly within this scope. Subjects 
relating to the production and application 
of light, as sueh, are within the scope of the 
Production and Application of Light Com- 
mittee. 


COMMITTEE ON-LAND TRANSPORTATION 


Scope—Treatment of all matters in which 
the dominant factors are the requirements, 
design, selection, relation, and operation of 
electric apparatus and material for trans- 
portation (exclusive of air and marine 
transportation, which are functions of the 
Air Transportation and Marine Transporta- 
tion Committees) of passengers and freight 
and the economic questions incident thereto. 
Such subjects as the electrification of steam 
railways, street railways, pantograph trolleys 
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and overhead catenaries, electric locomotives 
(oil-electric, gasoline-electric, or 3-power 
locomotives), miultiple-unit cars, electric- 
traction motors, main and auxiliary control 
equipment, railway substations, mercury-arc 
rectifier applications, and railways signaling 
and automatic train control are within the 
scope of this committee. 


COMMITTEE ON MARINE TRANSPORTATION 


Scope—Treatment of all matters in which 
the dominant factors are the application, 
relation, and installation of electric ma- 
chinery and materials of whatever nature on 
shipboard, and the requirements for special- 
ized devices, materials, or constructions 
peculiar to such application. 


COMMITTEE ON PRODUCTION AND 
APPLICATION OF LIGHT 

Scope—Treatment of those matters in 
which the dominant factor is the application 
of electric energy through its conversion into 
light, including necessary materials, devices, 
and mechanisms, in so far as these matters 
are considered of interest and value to the 
members of the Institute. This committee 
functions as a liaison between the Institute 
and various organizations dealing with the 
production and utilization of light, such as 
the Illuminating Engineering Society, the 
Optical Society of America, and others. 
Its activities include translating the theo- 
retical and technical accomplishments of 
those organizations into terms of the prac- 
tical aspects of the production and applica- 
tion of light, thereby serving to inform 
Institute members of important progress 
in this field. Where problems of electrical 
supply service, voltage, or distribution are 
involved, action shall be joint with the 
Transmission and Distribution Committee. 


Industry Group 


COMMITTEE ON CHEMICAL, 
ELECTROCHEMICAL, AND 
ELECTROTHERMAL APPLICATIONS 


Scope—Treatment of all matters in which 
the dominant factors are the generation of 
electricity through chemical processes, and 
the application of electricity to chemical or 
metallurgical operations (exclusive of electric 
welding and the phenomena of the arc 
in so far as it is concerned with the deposition 
of metal in welding, which is a function 
of the Committee on Electric Welding, and 
exclusive of magnetics, which is a function 
of the Committee on Basic Sciences), in- 
cluding the relations, installation, and 
operation of the devices necessary thereto, 
and the requirements of specialized devices, 
materials, or construction peculiar thereto. 


COMMITTEE ON ELECTRIC HEATING 


Scope—Treatment of all matters in which 
the dominant factors are the requirements, 
selection, installation, and operation of 
machines, devices, and equipment relating 
to electric heating of all kinds, including 
dielectric and induction, radiation, re- 
sistance, and high-temperature furnaces. 
Design and theory of devices shall be handled 
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by consultation with Electronics or other 
committees as required. 


COMMITTEE ON ELECTRIC WELDING 


Scope—Treatment of all matters in which 
the dominant factors are the requirements, 
design, construction, selection, installation, 
and operation of machinery and devices 
relating to electric welding, including 
studies of the electromagnetic phenomena of 
the arc in so far as it is concerned with the 
deposition of metal in welding. Such sub- 
jects as electric welding methods and the 
electric machinery and control equipment 
specially designed for welding are properly 
within the scope of this committee. 


COMMITTEE ON GENERAL INDUSTRY 
APPLICATIONS 


Scope—Treatment of all matters in which 
the dominant factors are the requirements, 
selection, installation, and operation of 
machinery and devices relating to machine 
tools and to the processing and/or fabrica- 
tion (assembly) of nonmetallic materials. 
Such materials include, textiles, rubber, 
paper, plastics. 

The problems relating to assembly line 
processes of all materials are considered 
within the scope of this committee. 


COMMITTEE ON INDUSTRIAL CONTROL 


Scope—Treatment of all matters in which 
the dominant factors are the design, con- 
struction, and performance of industrial 
control, and the way in which it serves to 
govern in some predetermined manner the 
electric power delivered to the apparatus 
to which it is connected. 


COMMITTEE ON INDUSTRIAL POWER 
SYSTEMS 

Scope—Treatment of all matters in which 
the dominant factors are the requirements, 
selection, co-ordination, installation, and 
operation of machines, devices, and equip- 
ment necessary for generating and trans- 
mitting electric power within an industrial 
plant for use solely by that plant. (Actual 
design of devices and equipment not in- 
cluded.) Design of distribution systems 
within the industrial plant are a part of the 
scope of this committee. 

When such industrial systems are inter- 
connected with public systems, the action 
shall be joint with the Committee on Power 
Generation or on Transmission and Dis- 
tribution. 


COMM!TTEE ON MINING AND METAL 
iNDUSTRY 

Scope—Treatment of all matters in which 
the dominant factors are the requirements, 
selection, installation, and operation of 
machinery- and devices relating to the 
processing of metal and those relating to 
mining of any kind. 

Matters pertaining to blast furnaces, 
metal rolling, and metal drawing are properly 
within the scope of this committee. 


COMMITTEE ON SERVOMECHANISMS 


Exact title and scope to be announced. 


Power Group 


COMMITTEE ON CARRIER CURRENT 


Scope—Treatment of all matters in which 
the dominant factors are the design, con- 
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struction, and operation of equipment and 
circuits for the application of carrier currents 
in the generation, transmission, and dis- 
tribution of electric power. Included in 
the scope of this committee shall be treatment 
of the following: 


Carrier current equipment and circuits for 
Relaying 
Control (supervisory, load, frequency, and so forth) 
Metering 
Communication as applied to power system use 


also 
Line traps 


Coupling capacitors 
Beamed radio systems for system control 


COMMITTEE ON INSULATED CONDUCTORS 


Scope—Treatment of all matters in which 
the dominant factors are the design, con- 
struction, and operation of insulated con- 
ductors and the accessories thereto used in 
the generation, transmission, distribution, 
and utilization of electric power. Included 
in this scope shall be treatment of the 
following : 


Cable supply systems (including solid, oil-filled, and gas- 
filled cables) 

Insulated wire and cable 

Accessories (including potheads, wiring ducts, and con- 
duit, not including insulated bus runs as in metalclad 
switchgear) 

Structures (joint with Transmission and Distribution 
Committee) 

Cable characteristics 

Insulations 

Sheaths and coverings 

Utilization wiring systems 

Special purpose cables 

Tests and measurements 

Network limiters 

Insulated line conductors (specifications) 


Matters relating to insulated conductors 
specifically designed for applications covered 
by certain other technical committees such 
as Communication, Transportation, and 
Electric Heating may be treated jointly with 
that committee if emphasis is on general 
principles, or exclusively by the application 
committee if emphasis is on the particular 
requirements of the application. 


COMMITTEE ON POWER GENERATION 


Scope—Treatment of all matters relating 
to the design, construction, and operation 
of electric power generating stations, includ- 
ing auxiliary equipment incidental thereto 
(where such equipment is not otherwise 
specifically assigned to other technical 
committees). 

Treatment of all matters pertaining to 
the design, construction, and operation of 
steam boiler plants, dams, reservoirs, nuclear 
piles, and other primary sources of energy 
to prime movers; also the prime movers 
themselves used in the generation of electric 
energy. 

Treatment of all matters relating to the 
economics of generation and supply of elec- 
tric power within individual generating 
stations. 

Included in this scope shall be treatment 
of the following: 


Prime movers (hydro, steam, oil, gas, nuclear, wind 
power) 

Speed governors for prime movers 

Station load and frequency control (joint with Systems 
Engineering Committee) 

Control systems (joint with Substation Committee) 
Excitation systems and voltage regulators 

Station design (generating plant) 
Auxiliaries and accessories 
Production costs—design and 
(separate station) 


operating economics 
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Co-ordination of prime mover and electric machine 
design 

Bus design (joint with Switchgear and Substation Com- 
mittees) 


COMMITTEE ON PROTECTIVE DEVICES 


Scope—Treatment of all matters in which 
the dominant factors are the design, con- 
struction, and operation of devices and 
equipment to limit or prevent damage to 
electric power generation, transmission, or 
distribution systems, or equipment; such 
damage arising from excessive current, 
voltage, or from lightning. Included in this 
scope shall be treatment of the following: 


Capacitors (where used as protective devices) 
Lightning protective devices (such as arresters, protector 
tubes, air gaps, and expulsion gaps) 

Fault limiting devices (including neutral grounding 
devices) 

Lightning investigations (joint with Transmission and 
Distribution Committee) 

Reactors and grounding transformers (joint with Trans- 
former Committee) 


Matters relating to protective devices 
specifically designed for applications covered 
by certain other technical committees such 
as Industrial Control, Industrial Power 
Systems, or Communication, may be treated 
jointly with that committee if emphasis is 
on general principles or exclusively by the 
application committee if emphasis is on the 
particular requirements of the application. 


COMMITTEE ON RELAYS 


Scope—Treatment of all matters in which 
the dominant factors are the design, con- 
struction, and operation of protective relays 
including all matters necessary to the 
functioning of such relays employed in the 
generation, transmission, and distribution 
of electric energy. Included in this scope 
shall be treatment of the following: 


Relays and automatic devices (fault and load discriminat- 
ing) 

Relay protective schemes, including relay co-ordination 
Network relays (design, application, and performance) 


Matters relating to relays specifically de- 
signed for applications, covered by certain 
other technical committees such as In- 
dustrial Control, Communication, and 
Transportation may be treated jointly 
with that committee if emphasis is on general 
principles; or exclusively by the application 
committee if emphasis is on the particular 
requirements of the application. 


COMMITTEE ON ROTATING MACHINERY 


Scope—Treatment of all matters in which 
the dominant factors are the requirements, 
design, construction, and operation of rotat- 
ing machinery for the generation of electric 
energy or its conversion into other forms of 
energy. There shall be included in this 
scope treatment of the following: 


Synchronous machines 

Induction machines 

D-c machines 

Single-phase and fractional-horsepower machines 
Motor generator sets 

Rotating frequency changers 

Rotating phase balancers 

Synchronous converters 

Insulation and dielectric problems related to rotating 
machinery 


Matters relating to rotating machinery 
specifically designed for applications covered 
by certain other technical committees such 
as Electric Welding, Transportation, or 
Communication may be treated jointly with 
that application committee if the emphasis 
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is on general principles; or exclusively by 
the application committee if the emphasis 
is on the particular requirements of the 
application. 


COMMITTEE ON SUBSTATIONS 


Scope—Treatment of all matters in which 
the dominant factors are the electrical 
and structural design, construction, installa- 
tion, operation, and control of automatic, 
semiautomatic, and nonautomatic sub- 
stations, including switching and transformer 
stations. 

Included in the scope of this committee 
shall be treatment of the following: 


Automatic, semiautomatic, and nonautomatic substa- 
tions 

Switching stations 

Fundamental single-line wiring diagrams 

Bus design (joint with Switchgear and Power Generation 
Committee) 

Automatic and supervisory control systems (joint with 
Power Generation Committee) 

Supervisory control devices 

Structural arrangements for substations 

Telemetering (joint with Instruments and Measurements 
Committee) 

Insulation co-ordination (joint with Transmission and 
Distribution Committee) 


COMMITTEE ON SWITCHGEAR 


Scope—Treatment of all matters in which 
the dominant factors are the design, con- 
struction, and operation of devices or as- 
sembled gear to establish (make), interrupt, 
or change connections in an electric circuit 
under normal or abnormal conditions. In- 
cluded in this scope shall be treatment of 
the following: 


Power circuit breakers 

Large air circuit breakers 

Low-voltage air circuit breakers 

Switchgear assemblies 

Switches 

Network protectors (design and application) 

Bus design (joint with Power Generation and Substations 
Committees) 

Insulation, insulators, and hardware for switchgear 
Automatic reclosers 

High-voltage fuses and cutouts (above 600 volts) 


Matters relating to switchgear or switch- 
gear devices specifically designed for applica- 
tions covered by certain other technical 
committees such as industrial control, com- 
munication, electronics, and transportation 
may be treated jointly with that committee 
if emphasis is on general principles; or 
exclusively by the application committee if 
emphasis is on the particular requirements of 
the application. 


COMMITTEE ON SYSTEM ENGINEERING 


Scope—Treatment of all matters in which 
the dominant factors are the re€quirements, 
planning, co-ordination, operation, and 
economics of interconnected electric generat- 
ing, transmission, and distribution systems. 
Included in this scope shall be treatment of 
the following: 


Interconnected system planning 

Frequency and load control (joint with Power Genera- 
tion Committee) 

Load dispatching 

Economics of system and unit operation 

Engineering of system expansion 

Interconnection contracts 


COMMITTEE ON TRANSFORMERS 


Scope—Treatment of all matters in which 
the dominant factors are the design, con- 
struction, and operation of transformers, 
reactors, and other similar equipment. 
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Included within this scope shall be treatment 
of the following: 


Transmission and distribution transformers 

Voltage and load regulators (step and induction regula- 
tors) 

Reactors and grounding transformers (joint with Protec- 
tive Devices Committee) 

Speciality transformers and regulating transformers 
Railway service transformers 

Test transformers 

Constant current transformers 

Insulating fluids 

Insulation and dielectric problems relating to trans- 
formers 

Insulators and hardware with transformers 

with co-ordination with Re- 
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Bushing and Instrument 


ip wavistarmers ments — and Measurements 
Committees 
Matters relating to transformers and 


regulators specifically designed for applica- 
tions covered by certain other technical 
committees such as Relays, Electronics, 
Protective Devices, Communication, may be 
treated jointly with that committee if em- 
phasis is on general principles; or exclusively 
by the application committee if emphasis 
is on the particular requirements of the 
application. 


COMMITTEE ON TRANSMISSION AND 
DISTRIBUTION 


Scope—Treatment of all matters in which 
the dominant factors are considerations of 
economical and technical design, theoretical 
and experimental performance, installation, 
and service operation of that part of electric 
power systems which serve to transmit electric 
energy between the generating source or 
substation and the service. 

Treatment of all matters involving sub- 
stations themselves including switching and 
transforming stations are not within the 
scope of this committee, except in the broad 
aspects of the application of a substation as 
a whole. 

Treatment of matters involving industrial 
distribution systems shall not be included 
within this scope unless such systems are 
interconnected with an electric power 
utility, in which case the action shall be 
joint with the Committee on Industrial 
Power Systems. 

Included in this scope shall be treatment 
of the following: 


Overhead and underground transmission and distribu- 
tion systems 

Overhead conductors 

Fault current studies 

System stability 

Lightning investigations (joint with Protective Devices 
Committee) 

Network systems and studies 

Insulated line conductors (properties related to system 
problems) 

Structural co-ordination 

Insulation co-ordination (joint with Substation Com- 
mittee) 

Inductive co-ordination 

Corona 

Towers, poles, insulators, and hardware 

Capacitors (except those used for protective devices) 


Science and Electronics Group 


COMMITTEE ON BASIC SCIENCES 


Scope—Treatment of all matters in which 
the dominant factor is electrophysics, and 
which are of such novel character as to be 
unapplied in any apparatus or field of 
application within the scopes of the other 
technical committees, or which are of such 
generality as to be significant within the 
scopes of several technical committees, 
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Such subjects as general circuit theory, 
electrostatics, mathematical treatises, mag- 
netics, general electrical units, and nomen- 
clature are properly within the scope of this 
committee. 


COMMITTEE ON COMPUTING DEVICES 


Scope—Treatment of all matters in which 
the dominant factors are the requirements, 
design, construction, selection, installation, 
scope, and operation of machinery and devices 
relating to computing devices, including 
studies of the electromagnetic, electronic, 
and mechanical phenomena of such devices. 

Fundamental mathematic, electronic, and 
properties of materials entering into these 
devices are not included. 


COMMITTEE ON ELECTRONIC POWER 
CONVERTERS 


Scope—Treatment of all matters in which 
the dominant factors are the design, con- 
struction, and operation of equipment and 
circuits for the electronic conversion of 
electric energy into other phases of electric 
energy in the generation, transmission, dis- 
tribution, and utilizat on of electric power. 
This scope shall not include hot-cathode- 
type converters which have been assigned 
to the Hot Cathode Electronic Power Con- 
verters Subcommittee of the Electronics 
Committee. There shall be included in 
this scope treatment of the following: 


Electronic converters for motor control (joint with In- 
dustrial Control Committee) 

Electronic power rectifiers and inverters 

Electronic frequency changers 


Matters relating to electronic converters 
specifically designed for applications covered 
by certain other technical committees such 
as Transportation, Industrial Power Systems, 
Electrochemical Applications, and the com- 
mittees in the Communication Group, may 
be treated jointly with that committee if 
emphasis is on general principles; or exclu- 
sively by the application committee if em- 
phasis is on the particular requirements of 
the application. 


COMMITTEE ON ELECTRONICS 


Scope—Treatment of all matters in which 
the dominant factor is electronics, par- 
ticularly those dealing with the design, 
characteristics, or behavior of devices of an 
electronic nature, or of the circuits associated 
with them, The treatment of complete 
equipments or systems may be considered 
within the scope of this committee if they 
depend predominantly on electronic devices 
for their operation. If the field of applica- 
tion of such equipments or systems falls also 
within the scope of other technical com- 
mittees, action with those committees may 
be joint. 


COMMITTEE ON INSTRUMENTS AND 
MEASUREMENTS 

Scope—Treatment of all matters in which 
the dominant factor is the measurement of 
electrical quantities, both absolute and 
relative, and the measurement of other 
quantities by electrical methods, including 
the devices necessary thereto. Where novel 
instruments and novel methods of electrical 
measurement are in papers, even though 
measurement is not the prime objective, 
then action shall be joint with the respective 
technical committee concerned. 

Telemetering is assigned primarily to the 
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Committee on Instruments and Measure- 
ment and handled by a joint subcommittee 
comprised of members of both the Com- 
mittees on Substations and Instruments and 
Measurements. Telemetering problems in 
connection with automatic stations will be 
assigned by the chairman of the Committee 
on Instruments and Measurements to 
members of the subcommittee who are also 
members of the Committee on Substations. 
Telemetering problems of a more general 
nature will be assigned by him to members 
of both main committees, and where the 
problem is simply measurements it will be 
assigned only to members of the Committee 
on Instruments and Measurements (as per 
joint agreement between the Committees 
on Automatic Stations and Instruments and 
Measurements, January 29, 1935). 


COMMITTEE ON METALLIC RECTIFIERS 


Scope—Treatment of all matters in which 
the dominant factors are metallic rectifiers, 
(extended surface metallic rectifiers), par- 
ticularly those dealing with the design, 
characteristics, and behavior of devices 
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relating to “‘dry’’-type rectifiers, including 
those used in low-power applications, those 
used as modulators, demodulators, detectors, 
and instrument rectifiers. If the field of 
application of such devices falls within the 
scopes of other technical committees, action 
with those committees may be joint. 


COMMITTEE ON NUCLEONICS 


Scope—Treatment of all matters in which 
the dominant factor is nucleonics, particu- 
larly that dealing with the design, charac- 
teristics, or behavior of devices of a nucleonic 
nature, or of the systems associated with 
them. The treatment of complete equip- 
ments or systems may be considered within 
the scope of this committee if they depend 
predominantly on nucleonic principles for 
their operation. If the field of application 
of such equipments or systems falls also within 
the scopes of other technical committees 
action with those committees shall be joint. 


COMMITTEE ON THERAPEUTICS 


Scope—Treatment of all matters in which 
the dominant factors are the applications of 
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electric power to sanitation equipment, 
such as air-cleaning and sterilizing devices, 
and to the promotion of health and the 
analysis and treatment of disease or defects 
of the human body, such as X-ray equip- 
ment, diathermic equipment, cardiographs, 
investigations not directly applying to the 
human body but relating to health, and 
electric devices suitable for such purposes; 
the study of harmful effects of electric cur- 
rents and radiations of electric devices upon 
the human body and means for the pre- 
vention of such effects, and so forth, are 
properly within the scope of this committee. 

Where certain devices are suitable for 
both therapeutic and industrial purposes, 
such as some X-ray equipment, or for 
therapeutic and other scientific investiga- 
tions, or for sanitation and air-conditioning 
of domestic and commercial premises, action 
shall be joint with the Industrial Power 
Systems Committee, the Basic Sciences 
Committee, or the Domestic and Com- 
mercial Applications Committee, respec- 
tively; also, when appropriate, with the ~ 
Safety Committee. 
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INSTITUTE ACTIN EGE 


1949 AIEKE Fall General Meeting 
to Be Held in Cincinnati, Ohio 


Plans for the AIEE Fall General Meeting 
(formerly known as the AIEE Midwest 
General Meeting) which is to be held at the 
Netherland Plaza Hotel in Cincinnati, Ohio, 
October 17-21, 1949, are fast materializing. 
Besides an outstanding technical program, 
the meeting committee is hard at work 
planning for the entertainment and comfort 
of all visitors. 

The Entertainment Committee has great 
plans for the entertainment of both men and 
women. The stag smoker on Tuesday night 
and the dinner dance on Wednesday night, 
in the beautiful ‘‘Pavilion Caprice’’ of the 
Netherland Plaza Hotel will certainly be 
occasions to be remembered by all. 

The Ladies Committee has arranged a 
diversified program that will meet every 
expectation and they guarantee not a single 
dull moment for the ladies. The General 
Committee is particularly hopeful that most 
members will make a special effort to en- 
courage their wives to accompany them to 
the Fall General Meeting. 

Besides the “big occasions’ there will be 
many other entertainment features such as, 
ice hockey games, theatres, and some of the 
most luxurious night clubs in the midwest. 


INSPECTION TRIPS 


The Inspection Trip Committee has com- 
pleted arrangements for an interesting group 
of inspection trips. These trips will include 
visits to the following places of interest: 
Baldwin Piano Company 
Crosley television station 
Engineering Society of Cincinnati 
Fisher Body plant 


Miami Fort generating station 


ek a ie il ale ar 


Cincinnati Machine Tool Colony, including the 


Cincinnati Milling and Grinding Machine, Inc., Cin- 
cinnati Bickfort Tool Company, and Cincinnati Planer 
Company 


7. Procter and Gamble Company 
TECHNICAL PROGRAM 


The technical program for the Fall General 
Meeting is rapidly being completed. At 
present, 25 sessions and conferences are being 
planned on the following subjects: 
Transmission and distribution 
Rotating machinery 
Electronic power converters 
Relays 
Insulated conductors 
Conformal mapping 
Railroad communication 
Voltage induction 
Coaxial systems 


Protective devices 


Substations 

Radio 

Speed governing 

Television 

Probability methods 

Industrial power systems 
Industrial control 

System economics 

Aluminum 

Instruments and measurements 


Machine tool industry 


Cincinnati industries will be well repre- 
sented, especially in the radio and television, 
power and machine tool fields. 

It will be remembered that the Fall Gen- 
eral Meeting is the third such meeting of the 


The Herman Schneider Foundation building, home of the Engineering Society of Cin- 


cinnati, and headquarters of the Technical and Scientific Societies Council of Cincinnati, 
which is to be visited on an inspection trip during the Fall General Meeting 
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Institute Activities 


Institute. The first was sponsored by the 
Chicago Section in 1947, and last year Mil- 
waukee, Wis., was host to what was then 
known as the Midwest General Meeting. 
With the inauguration of this meeting, the 
number of general meetings was brought up 
to four per year, namely, the Winter, Pacific, 
Summer, and Fall General Meetings. Judg- 
ing from the demand for sessions and the 
number of papers offered, the addition of this 
meeting certainly seems to have been justified. 


HOTEL RESERVATIONS 


In the Hotel Netherland Plaza all rooms 
are outside rooms with tub, shower, and four 
station radio. Room rates per day are as 


follows: 

Single?roomi:,.;. A-ase eno et eet $ 4.00-$10.00 
Double bedroom for two.............+- $ 8.00-$12.00 
Twin) bedroom for: twin. e acre aisle = elele elise $ 9.00—$13.00 
Suite: parlor and bedroom............ $18.00-$35.00 


All requests for room reservations should 
be sent directly to the Hotel Netherland 
Plaza, Fifth and Race Streets, Cincinnati 2, 
Ohio. Members are urged to send in their 
requests early. The Hotel Netherland Plaza 
will place overflow reservations in adjacent 
hotels, including the Terrace Plaza, Hotel 
Gibson, and Hotel Sinton at comparable 
rates. 


MEETING COMMITTEES 


Members of the Fall General Meeting 
Committee making arrangements are 


E. S. Fields, Chairman; R. J. Rockwell, Vice-Chairman; 
J. P. Quitter, Secretary; W.H. McNutt, Treasurer; J. C. 
Strasbourger, R. E. Stoppel, F. E. Wiatt. 


The chairmen of the various subcommit- 
tees are 


A. C. Burroway, E. F. Nuezel, Technical Program; W.'T 
Pavely, Inspection Trips; S.B. Storer, Entertainment; J. A 
Noertker, Transportation; D. T. Michael, Registration; 
F. W. Willey, Finance; R. E. Colado, Publicity; Mrs. J.A 
Noertker, Ladies; H. E. Barnett, Hotel and Equipment. 


Committee for 1950 Summer and 
Pacific General Meeting Named 


Past President Everett S. Lee has ap- 
pointed the following persons to the general 
committee which will make plans for the 
Summer and Pacific General Meeting, to be 
held in Pasadena, Calif., June 12-16, 1950: 
Fred Garrison, Chairman; M. V. Eardley, 
Vice-Chairman; E. L. Bettannier, Secretary; 
J. H. Vivian, Treasurer. 

The following have been named sub- 
committee chairmen: 


Harry Lott, Technical Program; E. W. Morris, Registrae 
tion; Mark Sawyer, Hotels; E. W. Rockwell, Trans- 
portation; Bradley Cozzens, Finance; William Kyte, 
Publicity; G. F, Rucker, Trips; Dr. G. T. Harness, 
Student Relations; H. S. Warren, Sports;’ Chester 
Schweers, Entertainment and Program; Mrs. Fred Garrison, 
Ladies’ Entertainment. 


Next year, it is planned to combine the 
Summer General Meeting and the Pacific 
General Meeting into one. It will be titled 
the Summer and Pacific General Meeting. 
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New Prize Rules for AIEE Technical Papers 
Approved by AIEE Board of Directors 


The following constitute the new rules for 
the award of prizes for AIEE technical 
papers as approved by the AIEE Board of 
Directors at their annual meeting on June 
23, 1949, during the AIEE Summer General 
Meeting in Swampscott, Mass. 


INTRODUCTION 


The AIEE has established a series of 
prizes which are available for annual award 
to members for outstanding papers pre- 
sented at its meetings. 

Each prize consists of a sum of money 
and/or a Certificate of Award. Appropriate 
recognition will be given in Electrical Engi- 
neering and in the AIEE “‘Year Book.” 


PRIZES 


The following summarizes the awards 
available each year in each classification. 


1. Institute 
Second 
Class First Prize Prize 
(a). Power $100 and certificate Certificate 
(6). Industry $100 and certificate Certificate 
(c). Communication $100 and certificate Certificate 
(d). General Appli- $100 and certificate Certificate 
cation 
(e). Science and $100 and certificate Certificate 
Electronics 
(f). Best Student $100 and certificate Certificate 
Paper 
2. District 
Second 
Class First Prize Prize 


(a). Best paper, any $75 and certificate $50 and 
class certificate 
(b). Best paper pre- $25 and certificate Certificate 
sented by 
undergraduate 
Student mem- 
ber in District 
competition 


3. Section 


$100 to be divided at the discretion of the Section with 
a maximum of $50 for any one prize, and certificate for 
each winner. 


4. Branch (Undergraduate) 


Second 
Prize 
Certificate 


First Prize 


$10 and certificate 
plus an allowance 
of seven cents per 
mile one way to 
the District Stu- 
dent prize paper 
competition 


Class 
(a). Best Paper 


Coauthors will split prize; each will 
receive a certificate. Equivalent gift may 
be substituted for the monetary prize. 


PERSONS ELIGIBLE 


To compete for these awards requires only 
that the author (or one of the coauthors) be 
an eligible member of the Institute, a Fellow, 
Member, Associate, or enrolled Student 
member in good standing, and that the 
paper be presented at a qualified technical 
meeting of the AIEE; the Institute Winter, 
Summer, Fall, or Pacific General Meeting; 
District meeting; Section (including tech- 
nical group and Subsection) meetings; or 
Branch meetings. District, Section, and 
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Branch prizes will be limited to authors who 
are resident within the respective territories 
covered, 


ENTRANCE REQUIREMENTS 


All papers presented at District, Section, 
Branch, or Student meetings will be con- 
sidered for Institute and District awards, if 
submitted in triplicate to the Institute or 
District Secretary before September 15, of 
the following administrative year, and ac- 
companied by a written statement as to 
when and where the papers were presented. 
The date of consideration for District awards 
may be varied by the District Executive 
Committee at its discretion. 

When three or more papers are submitted 
for Section or Branch competition to the re- 
spective secretaries, arrangements shall be 
made for presentation before the Section or 
Branch at a meeting set aside for that 
purpose and committees selected to judge 
each such contest. 

All papers approved by the Technical 
Program Committee which are presented 
at the Winter, Summer, Fall, or Pacific 
General Meetings of the Institute will be 
considered for Institute Prizes without formal 
offering in competition. 

All papers approved by the Technical 
Program Committee as described in the 
foregoing and those which are approved 
by the Technical Program Committee and 
presented at District meetings will be con- 
sidered for Institute and District prizes with- 
out formal offering in competition. 


GENERAL INFORMATION 


1. Presentation of Awards 


Presentation of awards will be made: 
annually at the regular Winter General 
Meeting for Institute prizes; at a meeting 
within the District for District prizes or at 
a meeting designated by the District Execu- 
tive ©ommittee; at appropriate Section 
meetings for Section prizes; and at Branch 
meetings for Branch prizes. 


2. Where Insufficient Papers Are Submitted 


When in the opinion of the Committee 
on Award the number of papers in a given 
class is not sufficient to constitute a real 
competition, the award will be withheld, 
In this case these papers will be considered 
with others presented in the following year. 


3. Date of Presentation 

All prizes will be awarded on the basis 
of papers presented during the administra- 
tive year, August 1 to July 31. (Except as 
varied by District Executive Committee to 
cover District competition and by Sections 
to cover Section competition.) 


BASIS OF GRADING 


1. Institute, District, and Section Papers 
The valuations which govern the grading 
of papers for the purpose of awarding best 
paper prizes are 
Analysis of subject—15 per cent 


Logical presentation—15 per cent 
Originality—15 per cent 
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Unity—15 per cent 

Value in electrical engineering field—40 per cent 
(Except in Section competition where value will be rated 20 
per cent and oral presentation 20 per cent) 


2, District Branch and Branch Papers 


As the objective of Student papers differs 
from that of the more advanced papers, 
the basis of grading given in the following has 
been adopted. It is not the primary purpose 
of Student papers to contribute to the tech- 
nical advancement of the profession; they 
should constitute a vehicle for the training 
and stimulation of future contributors to 
the profession. To this end greater emphasis 
has been placed on written presentation and 
the exercise of engineering thinking than 
on technical value. Written presentation 
shall be given a weighting of two compared 
with one for oral presentation. 


A. Basis for Grading Written Presentation: 
Originality—20 per cent 

Survey of subject (analytical procedure)—15 per cent 
Importance—15 per cent 

Appropriateness—10 per cent 

Mode of Expression— 


(7). Logical organization of material for clarity, force- 
fulness, and interest. Appropriate headings are essen- 
tial, (10 per cent) 


(2). Concise and coherent expression of thoughts in 
good English and with proper choice of words. (10 
per cent) 


(3). Effective and judicious use of pictorial and graphical! 
presentation. (10 per cent) 
Adequate introduction and closure—10 per cent 


B. Basis of Grading for Oral Presentation: 


Speaking technique—35 per cent 

Style (organization of material)—35 per cent 
Introduction and conclusion—15 per cent 
Discussion—15 per cent 


COMMITTEE ON AWARD OF INSTITUTE 
PRIZES 


1. Institute 


The Committee on Award of Institute 
Prizes shall be appointed by the Institute 
President and shall consist of not less than 
five Members or Fellows of the Institute. 


2. District 

The Committee on Award of District 
Prizes shall be appointed by the District 
Vice-President and shall consist of not less 
than three Members or Fellows of the 
Institute. Judges of oral presentation of 
Student papers need not be same as judges 
of written presentation and they may include 
Associate or non-Institute members when 
necessary. 


3. Section 

The Committee on Award of Section 
Prizes shall be appointed by the Section 
Chairman and shall consist of not less than 
three Members or Fellows of the Institute. 


4. Branch 

The Committee on Award of Branch Prizes 
shall be appointed by the Student Counselor 
and shall consist of not less than three 
Associates, Members, or Fellows. When 
necessary, a non-Institute member may be 
selected. 


EFFECTIVE DATE OF RULES 


These rules become effective with the 
administrative year beginning August 1, 
1949, 


PROCEDURE FOR REVISION 


These rules are subject to revision an- 
nually by the Board of Directors of the 
Institute. 
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AIEE Textile Industry Conferences 
Held in Boston and Atlanta Last May 


Electrical engineering problems in the tex- 
tile industry was the subject of two AIEE 
technical conferences held last May. The 
first took place in Boston, Mass., at the 
Hotel Kenmore, May 3, 1949, and the second 
in Atlanta, Ga., at the Young Men’s Chris- 
tian Association auditorium of the Georgia 
Institute of Technology, May 27-28, 1949. 
These gatherings represented two more con- 
ferences in the series of ten held since the 
special AIEE conference type of meeting was 
started in 1948 (EE, Feb 48, p 189). This 
type of meeting is designed to explore thor- 
oughly a limited field and to afford specialists 
in that field an opportunity to discuss mutual 
technical problems. 

In this instance, two meetings were held on 
the one subject, one in each of the two prin- 
cipal geographic areas concerned with the 
textile industry, so that engineers in the in- 
dustry could find it convenient to attend. 


BOSTON CONFERENCE 


The Boston meeting was sponsored by the 
Textile Industry Subcommittee of the Com- 
mittee on General Industry Applications in co- 
operation with the Boston Section of AIEE. 
Seven papers and two moving pictures were 
presented during the two sessions of the 
meeting. Subjects covered by the papers 
ranged from cloth production in the loom to 
cloth finishing, including cloth printing, 
straightening, and electronic instrumenta- 
tion as an aid to these and other processes. 

In spite of the change in meeting place of 
the conference from the Massachusetts Insti- 
tute of Technology, Cambridge, Mass., to 
the Kenmore Hotel and the inclement 
weather, some 65 persons attended. 

F. D. Snyder, Westinghouse Electric Cor- 
poration, Boston, Mass., who is chairman of 
the Textile Industry Subcommittee, opened 
the meeting by reviewing the work of the 
subcommittee and enumerating some of the 
problems facing the textile industry. He 
also emphasized the mutual benefit of ex- 
changing ideas and discussing problems in 
such a meeting as was being held then. 


ATLANTA CONFERENCE 


Approximately 95 persons, mostly engi- 
neers and executives of Southeastern textile 
mills, attended the conference in Atlanta, 
the first such conference in the Southeast. 

Again the meeting was sponsored by the 
Textile Industry Subcommittee of the Gen- 
eral Industry Applications Committee, this 
time in co-operation with the Engineering 
Extension Division of the Georgia Institute of 
Technology and the Georgia Section of AIEE. 

H. S. Colbath, Plant Engineer, Bibb 
Manufacturing Company, Macon, Ga., pre- 
sided over the first session, in which electronic 
instrumentation, loom research, and electric 
drives for looms, were discussed. 

C. A. Collier, Vice-President, Georgia 
Power Company, Atlanta, Ga., was the 
speaker at the luncheon. He talked on the 
responsibilities of business towards its em- 
ployees, and the advantages of a healthy and 
contented working force. 

Harry C. Uhl, Electrical Engineer, Avon- 
dale Mills, Sylacauga, Ala., directed the pro- 
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ceedings at the second session on May 27. 
Fire hazards, methods of obtaining traverse 
motion, and electric equipment for textile 
machines were among the topics covered. 

Presiding over the last session, held May 
28, was S. A. Bobe, Westinghouse Electric 
Corporation, Atlanta, Ga. Papers on elec- 
trostatic air cleaning and textile education in 
Georgia were delivered. 

Both Mr. Bobe and Mr. Uhl are members 
of the Textile Industry Subcommittee. 

There will be no publication in pamphlet 
form of the proceedings of the Boston and 
Atlanta conferences. However, some digests 
appear in this issue (pages 797-8). 


Future AIEE Meetings 


Fall General Meeting 

Netherland Plaza Hotel, Cincinnati, Ohio 
October 17-21, 1949 

(Final date for submitting papers—closed) 


AIEE/IRE Conference on Electronic In- 
strumentation in Nucleonics and Medicine 
Hotel Commodore, New York, N. Y. 
October 31—November 2, 1949 


Winter General Meeting 

New York, N. Y. 

January 30-February 3, 1950 

(Final date for submitting papers—November 1) 


AIEE Conference on Electric Power Supply 
for Industrial Plants 

Pittsburgh, Pa. 

April 1950 


AIEE Conference on Meeting Load De- 
mands With Limited Reserve 

Pittsburgh, Pa. 

April 1950 


AIEE Conference on Electrical Engineer- 
ing Problems in the Rubber and Plastics 
Industry 

Akron, Ohio 

April 1950 


AIEE Conference on Electric Welding 
Detroit, Mich. 
April 5-7, 1950 


North Eastern District Meeting 
Providence, R, I. 

April 26-28, 1950 

(Final date for submitting papers—January 26) 


Great Lakes District Meeting 

Jackson, Mich. 

May 11-12, 1950 

i date for submitting papers—February 
10 % 

Summer and Pacific General Meeting 
Huntington Hotel, Pasadena, Calif. 

June 12-16, 1950 

(Final date for submitting papers—March 14) 
1950 Fall General Meeting 

Oklahoma City, Okla. 

October 23-27, 1950 

(Final date for submitting paper—July 25) 


———————— ee 
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Secretary Henline to Attend London 
Conference of Engineering 
Societies 


AIEE Secretary H. H. Henline has been 
designated to represent AIEE at a conference 
of representatives of engineering societies 
of Western Europe and the United States 
which is to be held in London, England, 
September 19-23, 1949. This is the first 
AIEE participitation in such a gathering 
which will include representatives of engi- 
neering societies from Belgium, Denmark, 
France, Holland, Norway, Sweden, Switzer- 
land, the United Kingdom, and the United 
States. 

The aims and objects of the conference 
include 


1. To develop direct relationships between the par- 
ticipating societies on a basis of mutual understanding 
for the advancement of engineering science. 


2. To provide a means whereby questions of domestic 
concern to the participating societies can be discussed. 


3. To give all proper support to each participating 
society within its own country. 


4. To act as a focus of the professional engineering 
opinion of the participating societies. 


5. To co-operate, as may be considered desirable, with 
international organizations and to support and supple- 
ment their work. 


Long an officer of the Institute, Mr. Hen- 
line joined the headquarters staff as assistant 
national secretary in 1927, was appointed 
national Secretary in 1933, and has held 
that post ever since. His long experience 
in Institute affairs should prove to be ex- 
tremely valuable in the discussion of mutual 
problems with these other engineering organi- 
zations. 


Lamme Medal Nominations 
to Be Submitted by December 1 


Members of the Institute again are re- 
minded that they have an opportunity to 
submit nominations for the 1949 Lamme 
Medal. All nominations must be received 
not later than December 1, 1949. Details 
regarding qualifications have been pub- 
lished in Electrical Engineering (EE, June 
°49, p 547). 

The 1948 Lamme Medal was awarded to 
Dr. V. K. Zworykin, Vice-President and 
Technical Consultant, RCA Laboratories 
Division, Radio Corporation of America, 
Princeton, N. J., ‘‘for his outstanding con- 
tribution to the concept and design of elec- 
tronic apparatus basic to modern television.” 
The medal was presented to him at the 
Summer General Meeting (EE, Aug °49, 
p 698). Full texts of the addresses at the 
presentation ceremony appeared in the 
August issue (pp 668-72). 


Vice-President G. W. Bower 
Addresses Lima Subsection 


The first annual meeting of the Lima 
Subsection (Dayton Section) was held 
June 10, 1949, in the Ohio Power Company 
Auditorium, This was an outstanding meet- 
ing with Vice-President G. W. Bower 
speaking on “Institute Affairs.’ C. G. 
Veinott, Vice-Presidential nominee from 
the Middle Eastern District to succeed 
Mr. Bower, was also present. Results of 
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New Officers of the Lima, Ohio, Subsection 


Newly elected officers of the Lima, Ohio, Subsection, Dayton Section, are, left to right: 
F. C. Horn, Lima Electric Motor Company, Director; W. R. Ankrom, Ohio Power Com- 
pany, Director; B. O. Austin, Westinghouse Electric Corporation, Chairman; O. M. 
Swain, Westinghouse Electric Corporation, Secretary-Treasurer; E. S. Reed, Westing- 


house Electric Corporation, Assistant Secretary. 


H. C. Doughty, Ohio Power Company, 


Vice-Chairman, does not appear in this picture 


the election of officers for the Subsection 
were announced. 

B. O. Austin, Manager, Control Section, 
Aircraft Engineering Department, Small 
Motor Division, Westinghouse Electric Cor- 
poration, was named Chairman of the 
Subsection for the coming year. Other 
officers elected were H. C. Doughty, Ohio 
Power Company, Vice-Chairman; O. M. 
Swain, Westinghouse Electric Corporation, 
Secretary- Treasurer; E. S. Reed, Westing- 
house Electric Corporation, Assistant Secre- 
tary; and F. C. Horn, Lima Electric Motor 
Company, Director. W. R. Ankrom, Ohio 
Power Company, also continues as Director 
another year. 

Chairman W. R. Appleman and several 
members of the Dayton Section attended 
the meeting. Also present were Chairman 
Walls and a large group from the Ohio 
Northern University Student Branch. 

A social hour with refreshments at the 
close of the meeting allowed the members 
to meet the speaker and informally discuss 
Institute activities. 


Philadelphia Section Holds 
Annual Prize Papers Night 


At the final meeting of the 1948-49 season, 
the AIEE Philadelphia Section held its 
annual ‘‘Prize Papers Night.’”? The win- 
ning papers in the section competition were 
presented by their authors at the meeting. 
First honor awards of $25 each were given 
for the following papers: 


Power Systems: ‘‘Transient and Cyclic Load Temperature 
Calculations for Cable Systems,” by J. H. Neher, Phila- 
delphia Electric Company 


Electronics and Communications: ‘“‘“Automatic Range-Ad- 
justing Radio Sonde Recorder,” by G. E, Beggs, Jr., 
Leeds and Northrup Company 


Instruments and Measurements: ‘‘Graphical Method for 
Estimating the Performance of Distance Relays During 
Faults and Power Swings,” by A. R. Van C. War- 
rington, General Electric Company 


Basic Sciences: “Design of a Digital Computing Ma- 
chine,” by T. K. Sharpless, Technitrol Engineering 
Company 
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Student Papers: ‘““Method of Indicating Phase Displace- 
ment Between Periodic Electrical Waves,” by M. M. 
Carpenter, Jr., University of Delaware 


M. M. Carpenter, Jr., of the University 
of Delaware, was awarded a special prize 
of ten dollars for the best presentation. 


COMMITTEE NOTES e 


Editor’s Note: This department hus been 
created for the convenience of the various AIEE 
technical committees. It will include brief 
news reports of committee activities and proposed 
plans for such projects as special technical con- 
ferences and sessions at general meetings. Items 
for this department, which should be as short as 
possible, should be forwarded to R. S. Gardner 
at AIEE Headquarters, 33 West 39th Street, 
New York 18, N. Y. 


Science and Electronics Group 


National Instrument Conference 
Scheduled for St. Louis 


The Fourth National Instrument Con- 
ference and Exhibit will be held in St. 
Louis, September 12-16, 1949. It will be 
sponsored by the Instrument Society of 
America, and technical sessions on various 
phases of instrumentation are to be held 
during the conference. These sessions will 
be arranged by the Instrument Society of 
America, the AIEE Committee on Instru- 
ments and Measurements, the Industrial 
Instruments and Regulators Division of 
the American Society of Mechanical Engi- 
neers, and the American Institute of Physics. 

Three previous conferences and exhibits 
were held; one in Pittsburgh, Pa., one in 
Chicago, Ill., and last year one was held in 
Philadelphia, Pa. Last year was the first 
year that AIEE participated in the con- 
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ferences. Two sessions were arranged by 
the Instruments and Measurements Com- 
mittee and the attendance at each session 
was approximately 300. This year, through 
the efforts of J. P. Scott, of the Instru- 
ments and Measurements Committee, who 
was appointed Chairman of the committee 
to make the necessary arrangements for 
AIEE participation in the conference, two 
technical sessions have been scheduled. 

On Thursday, September 15, 1949, at 
2:30 p.m.; the AIEE session on electronic 
instruments will be held under the chairman- 
ship of J. G. Reid, Jr., National Bureau of 
Standards, Washington, D. C. Papers to 
be presented include 


A Wide Band D-C Amplifier Stabilized for Gain and 
for Zero. A. J. Williams, Jr.. W.G. Amey, W. McAdam, 
Leeds and Northrup Company, Philadelphia, Pa. 


A Regulated, Adjustable Low-Voltage D-C Supply 
for Electrolysis and Other Use. M. L. Greenough, 
W. E. Williams, Jr., National Bureau of Standards 
Washington, D. C. 


Radiosonde Instrumentation. Walter R. Beam, Wash- 
ington Institute of Technology, Washington, D. C, 


Velocity and Flow Measurements With an Improved 
Thermal Instrument. C. E. Hastings, Hastings Instru- 


ment Company, Jampton, Va, 


On Friday, September 16, 1949, at 2:30 
p.m., an AIEE session on electrical instru- 
ments and measurements is scheduled. 
Chairman of the session will be J. P. Scott, 
Union Electric Company, St. Louis, Mo. 
Four papers are to be presented, including 


A New Thermal Converter for Telemetering and 
Totalizing. William C. Downing, Sangamo Electric 
Company, Springfield, Ill. 


A New Expanded Scale A-C Voltmeter. N. P. 
Millar, General Electric Company, West Lynn, Mass. 


Electrical Measuring Instruments, Developments and 
Standardization. D. A. Young, Westinghouse Instru- 
ments and Engineering Department, Newark, N. J. 


V-2 Rocket Instrumentation. George J. Fiedler, Sver- 
drup and Parcel Inc., Consulting Engineers, St. Louis, 
Mo. 


Mr. Scott has been very ably assisted in 
organizing the AIEE program for the con- 
ference by) en Gen held. ji and sD rweVVe 
R. Clark, who are representing the Instru- 
ments and Measurements Committee, and 
the following members of the St. Louis 
Section of the AIEE, who have been ap- 
pointed to the committee to take care of 
general arrangements: R. E. Schoetker, 
R. W. Gaskins, E. S. Rehagen, C. W. 
Schemm, and P. R. Watson. 

The Committee on Instruments and 
Measurements takes this opportunity to 
express its appreciation of the splendid 
co-operation of the St. Louis Section under 
the guidance of its Chairman, R. C. 
Horn, in making the necessary arrangements 
for the technical committee’s participation 
in this conference, 


Joint Subcommittee on Telemetering. 
(C. K. Duff, Chairman; W. K. MacAdam, 
Secretary.) This joint subcommittee is com- 
prised of members of the Instruments and 
Measurements Committee and of the Sub- 
stations Committee, to co-ordinate matters 
relating to telemetering, in which the AIEE 
has maintained a specific interest for some 
20 years. 

In 1948 the joint subcommittee com- 
pleted revision of a report on ““Telemetering, 
Supervisory Control, and Associated Cir- 
cuits,” and it is now available from AIEE. 
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(Orders for this report together with re- 
mittance of $2 per copy, $1 to AIEE mem- 
bers, should be sent to AIEE Order De- 
partment, 33 West 39th Street, New York 
18SN OEY): 

During the past few months the subcom- 
mittee has been making contacts with a re- 
cently formed body known as the National 
Telemetering Forum, which is interested 
mainly in telemetering from mobile devices 
such as rockets. This field is emerging only 
now from security regulations, and an insight 
into it was given in a session on radio tele- 
meter instrumentation sponsored by the Joint 
Subcommittee on Electronic Instruments 
at the recent Summer General Meeting at 
Swampscott, Mass. The two joint sub- 
committees have arranged for close liaison 
with the National Telemetering Forum, 
whose chairman, W. J. Mayo-Wells, is a 
member of the AIEE and recently has 
accepted membership on the Joint Sub- 
committee on Telemetering. 


The subcommittee is working at present on 
definitions of telemetering terms, a subject 
which is also active among members of the 
National Telemetering Forum. A number of 
revised definitions and new terms have been 
suggested. A proposed new term of broader 
application is the coined word metrant, 
to signify “‘the thing being measured.” 


Joint Subcommittee on Nucleonic Instru- 
ments. (G. W. Dunlap, Chairman; E. E. 
Goodale, Secretary.) The subcommittee spon- 
sored a conference session on nucleonic in- 
struments at the Summer General Meeting 
at Swampscott, Mass. 


Previously, similar conferences had been 
sponsored at the 1948 Winter General 
Meeting in Pittsburgh, and at District 
meetings in Spokane and Washington. It 
is planned to sponsor sessions in the future 
only at the general meetings, but to offer 
assistance to any local group desiring to 
arrange such programs. 

In co-operation with the other sub- 
committees of the Nucleonics Committee, 
this subcommittee is arranging to sponsor 
a series of papers in Electrical Engineering 
on special subjects of interest to the member- 
ship. ‘The subcommittee will concern itself 
with papers on nucleonic instruments. 


The subcommittee members also are co- 
operating with the National Research 
Council on the forthcoming Nucleonics 
Glossary to the extent of review and sug- 
gestion. 


Power Group 


Committee on Transmission and Dis- 
tribution. (J. W. Gross, Chairman; S. B. 
Crary, Vice-Chairman; R. E. Pierce, Secretary.) 
An excellent example of co-operation 
between the Edison Electric Institute and 
AIEE is offered by the activity that the 
Transmission and Distribution Committees 
of the two organizations are carrying out 
jointly. Subcommittees of the two com- 
mittees have just completed a questionnaire 
which will be submitted to the utilities of 
the country having transmission systems in 
excess of 100 kv. The Edison Electric 
Institute will circularize utilities having 
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membership in their organization, and 
AIEE will circulate other utilities. This 
activity will cover the characteristics of 
transmission lines in this range, the types of 
faults and their causes, and the frequency 


of occurrence of such faults. When com- 
pleted, the analysis will provide information 
of value in improving service and in guiding 
the design and layout of future transmission 
systems. 


AIEE PERSONAEREIES@ 


R.S. Gardner (A’49) has joined the head- 
quarters staff of AIEE where his duties are 
assisting the AIEE Secretary in matters cov- 
ering technical committee activities and 
directing the administrative and procedural 
aspects of Special Technical Conferences. 
In addition, he is the Secretary of the follow- 
ing committees: Technical Activities, In- 
dustry Co-ordinating, Power Co-ordinating 
and Electric Welding. Also, he is a member 
of the Board of Directors of the Engineering 
Societies Personnel Service, Inc., and a 
Military Engineer member of the American 
Society of Military Engineers. Mr. Gardner 
is a native of Virginia, graduating from the 
Virginia Polytechnic Institute in 1922 with a 
Bachelor of Science degree in electrical 
engineering. He subsequently joined the 
General Electric Company in Schenectady, 
New York, as Test Engineer. Later, he did 
design, research, and production engineering 
for the company, where he remained until 
1926. After a year, as Electrical Layout 
Engineer with the Ryan Construction Com- 
pany, Troy, New York, he became associated 
with Underwriters Laboratories, Inc., New 
York, N. Y., in 1927, as an electrical engi- 
neer. Seven years afterwards, he joined the 
firm of M. R. Scharf, Consulting Engineer, 
New York, N. Y., where he handled the 
evaluation of electrical substation equip- 
ment, and in 1935 he was designated Engi- 
neer-in-Charge of Federal Government con- 
struction (including electrical design) pro- 
grams and compiling of engineering statis- 
tical data in New York, N. Y. Here, his 
duties were largely administration, planning, 
checking and approving design and project 
work, executive conferences, engineering re- 
ports, and so on. During that time, he 
supervised personnel numbering approxi- 
mately 200, including engineers, designers, 
draftsmen, technicians, foremen, skilled 
tradesmen, clerks, and so forth. From 1941 
to 1944, Mr. Gardner was a production 
analyst for the War Production Board, con- 
tacting manufacturers in the production con- 


R. S. Gardner 
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trol of war items (mostly electrical) and then 
a specification engineer for the Treasury 
Department. Prior to joining the AIEE 
Staff, he worked as assistant chief engineer 
and as an electrical designer for New York 
companies, handling electronic and radar 
equipment, and electric generating power 
plants respectively, and also as a self-em- 
ployed industrial consultant. Mr. Gardner 
stands ready to serve officers, members, and 
committees of the Institute. 


H. M. Trueblood (A’17, F’40), Assistant 
Director of Transmission Engineering, Bell 
Telephone Laboratories, New York, N. Y., 
has retired after 31 years of service with 
the Bell System. His specialty was the 
development of methods and procedures 
for the protection of telephone service, 
plant, and personnel from the effects of 
induction from power and electrified rail- 
way circuits. As Protection Development 
Director, to which post he was named in 
1938, and which he held for ten years, he 
was also in charge of development work on 
protection from lightning and from corrosion 
damage to cables. Dr. Trueblood has been 
a member and secretary since its organization 
of the Joint Subcommittee on Development 
and Research of the Edison Electric Institute 
and the Bell System. During World War 
II, Dr. Trueblood did work concerned with 
field testing of radar systems and the de- 
velopment of radar indicators. Beginning 
his career in 1903, he became a field officer 
with the United States Coast and Geodetic 
Survey, subsequently teaching electrical 
engineering at the University of Penn- 
sylvania, Philadelphia. He joined the Engi- 
neering Department of American Telephone 
and Telegraph Company in 1917, but left 
after a few months to engage in research at 
the United States Naval Experimental 
Station, New London, Conn. He returned 
to the Bell System in 1919. Mr. Trueblood 
served on the following committees: Pro- 
tective Devices, 1934-37; Transmission and 
Distribution, 1938-49; Board of Examiners, 
1943-49. 


William L. Dubilier (A’19, F’25), Tech- 
nical Director and founder of the Cornell- 
Dubilier Electric Corporation, South Plain- 
field, N. J., recently received two high 
French honors at that country’s embassy in 
New York, N. Y. One was the Honorary 
Medal of the Association des Ingenieurs- 
Docteurs de France. The Diploma of the 
Officer of the Academy and the Order of 
Academic Palms, presented by decree of the 
French government, was Mr. Dubilier’s 
second award. The scientist was honored 
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for two services to France, one rendered 
during World War I, and the other com- 
pleted just recently. In his later service, 
he assisted in providing emergency relief 
for the serious shortage of power in the 
French nation. Working through the Cor- 
nell-Dubilier Electric Corporation, he was 
responsible for French power companies’ 
obtaining 40,000 kw. He also assisted in 
building up the country’s capacitor industry. 
Mr. Dubilier’s service in World War I was 
the development, at the request of the 
government of France, of a submarine 
detector, which obtained the location, speed, 
and direction of the target. Holder of over 
300 patents, the scientist’s most famous 
contribution to the electrical industry was 
his development of the mica capacitor, a 
device almost as important in modern 
electronics as the radio tube itself. Born 
in New York, N. Y., July 25, 1888, Mr. 
Dubilier studied at Cooper Institute and 
the University of Paris. Chief electrician 
for the Continental Wireless and Telegraph 
Company in 1908, he was President and 
Technical Director of the Commercial 
Wireless Telegraph and Telephone Com- 
pany, Seattle, Wash., by 1910. In London, 
England, in the same year, he organized the 
Dubilier Condenser Company, Limited. 
Returning to New York, N. Y., he founded 
the Dubilier Electric Company in 1913, 
which firm is now the Cornell-Dubilier 
Electric Corporation. Author of a number 
of technical articles, Mr. Dubilier is a 
member of the Institute of Radio Engineers 
and the Franklin Institute. 


H. E. Dralle (A’41) is now Eastern Engi- 
neering and Service Manager, Westinghouse 
Electric Corporation, New York, N. Y. 
Formerly Assistant Manager, he replaces 
S. L. Henderson (A’12, M ’34), who has 
retired. Mr. Henderson, a Member for 
Life, had been with Westinghouse since 
1910. Also retired recently is H. K. Smith 
(M°35, F’44), who was Northwestern 
Engineering and Service Manager at the 
company’s Chicago, IIl., office. Succeeding 
to Mr. Smith’s former position is D. E. 
Inman (A’38, M’45). M. L. Gardner 
(A°40, M°46) fills Mr. Inman’s previous 
post of Engineering Manager at East Pitts- 
burgh, Pa. For the last four years, Mr. 
Gardner had been Supervisor of Industrial 
and Central Station Engineering in Westing- 
house’s, New York, N. Y., Branch. Mr. 
Henderson has served on the Electrical 
Machinery, the Technical Program, and the 
Education Committees. Mr. Inman has 
been a member of the Industrial Control 
Committee, and the Publication Committee. 
Mr. Dralle has belonged to the Land Trans- 
portation Committee. Mr. Smith has served 
on the Membership and Transfer Com- 
mittees. 


J. P. Growdon (A’12, M’20), Chief Hy- 
draulic Engineer, Aluminum Company of 
America, Pittsburgh, Pa., has been awarded 
the honorary degree of Doctor of Engineer- 
ing by the University of Nebraska. A 
graduate of that institution, he has been with 
the Aluminum Company of America since 
1925, designing and directing construction 
of most of the large hydroelectric dams built 
by the company to furnish power for its 
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aluminum plants. Just prior to World 
War II, his technical assistance helped 
make possible the construction of the United 
States Navy’s huge underground oil storage 
project in Hawaii, where 20 great cylindrical 
vaults were carved out of solid rock, entirely 
underground. He was awarded the Navy’s 
Certificate of Merit for his contributions to 
this undertaking. Mr. Growdon is a 
Member for Life. 


E. J. Thimme (A ’27, M ’29), until recently 
Division Superintendent, Passaic Division, 
Public Service Electric and Gas Company, 
Newark, N. J., has been named Industrial 
Relations Manager for the utility. In 
other company changes, C. L. Dudley 
(A’23, M?’29), formerly- Division Super- 
intendent, Essex Division, has become 
Assistant General Superintendent of Dis- 
tribution; Oscar Bauhan (M ’40), formerly 
Assistant Transmission and Substation Engi- 
neer, has been designated Transmission and 
Substation Engineer; and Theodore Seely 
(A’41), until recently Transmission and 
Substation Engineer, has filled the position 
of Division Superintendent, Essex Division. 
Each of the four men began working for the 
company immediately after leaving college, 
Mr. Thimme, Mr. Bauhan, and Mr. Seely 
in 1923, and Mr. Dudley in 1920. Mr. 
Dudley is a past member of the Electro- 
chemistry and _ Electrometallurgy Com- 
mittee. 


W. J. Lyman (A’25, F’43) has been ap- 
pointed Manager, Planning and Develop- 
ment Department, Duquesne Light Com- 
pany, Pittsburgh, Pa. Previously, he was 
Engineering Assistant to the Manager of 
that department. Named as Consultant to 
Mr. Lyman is E, A. Hester (A’18, F 47). 
Mr. Hester has been with the utility since 
1926. From 1941 to 1944, he served with 
the War Production Board. Mr. Lyman 
joined Duquesne Light in 1924. He has 
served on the Membership Committee 
and the Power Generation Committee. 
Mr. Hester is a past member of the Pro- 
tective Devices, the Meetings and Papers, 
and the Electric Welding Committees. 


Tomlinson Fort (A’27, M735), for six 
years Manager, Central Station Department, 
has been made Manager of the Apparatus 
Sales Department, Westinghouse Electric 
Corporation, East Pittsburgh, Pa. Named 
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to handle Westinghouse’s Industrial Prod- 
ucts, are R. C, Bergvall (A’24, M’41) and 
W. W. Sproul (A’42). Mr. Sproul, former 
Sales Manager of the company’s Transformer 
Division at Sharon, Pa., assumes the duties 
of Sales Manager in East Pittsburgh. As- 
sistant to the Vice-President in Charge of 
Engineering for the past 11 years, Mr. 
Bergvall has become Engineering Manager. 
Mr. Bergvall has served on the Standards 
Council of the American Standards Associa- 
tion and the Protective Devices, the Stand- 
ards, and the Nucleonics Committees. 


S. G. Hibben (A 34, M ’45), of the Westing- 
house Electric Corporation, Bloomfield, 
N. J., has been elected Vice-President of the 
[luminating Engineering Society. Other 
new officers are: E. M. Strong (A °26, 
M ’40) of Cornell University, Ithaca, N. Y., 
Treasurer; A. H. Manwaring (A’40, 
M’46), Philadelphia (Pa.) Electrical and 
Manufacturing Company, who becomes 
General Secretary; and R. L. Biesele, Jr. 


(A’°45, M’48), of Southern Methodist 
University, Dallas, Tex., Director. Their 
duties will begin October 1, 1949. Both 


Mr. Hibben and Mr. Strong have been 
active AIEE committee members. Each 
has served on the Production and Application 
of Light, Standards, and Technical Program 
Committees, to name only a few. 


D. M. Jones (A’21), Manager, Central 
Station Engineering Divisions, General Elec- 
tric Company, Schenectady, N. Y., recently 
retired after 32 years with the company. 
He has filled his last post since 1938. Re- 
placing Mr. Jones is W. J. McLachlan 
(A’40, M’45), who formerly was an As- 
sistant Manager in the same department. 
The new Manager joined General Electric 
in 1924. Mr. Jones has served on the 
Technical Program Committee and _ the 
Power Generation Committee. 


L. M. Robertson (A’27, F’45), Assistant 
Superintendent, Hydroelectric Production 
and Transmission Department, Public Serv- 
ice Company of Colorado, Denver, has been 
elected President of the Colorado Engineer- 
ing Council. Formerly, he served as Vice- 
President of the group, which represents 
3,000 engineers in the state of Colorado. 
Vice-President of AIEE, 1945-47, Mr. 
Robertson has been a member of the follow- 
ing committees: Transmission and Dis- 
tribution; Rotating Machinery; and Edu- 
cation. 


R. A. Millikan (M’22, HM’33), retired 
executive head of the California Institute 
of Technology, Pasadena, has received the 
Presidential Medal of Merit. The award 
was in recognition of ‘‘exceptionally out- 
standing conduct” in the field of rocket and 
jet propulsion development. A 1922 Edi- 
son Medalist, Dr. Millikan has served on the 
Electrophysics Committee and the Edison 
Medal Committee. 


E. E. Ellis (A’49), former Engineer-in- 
Charge of Sales of the Motor and Generator 
Section, Allis-Chalmers Manufacturing Com- 
pany, Milwaukee, Wis., has been named 
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Manager of that Section. V. J. Egan 
(A ?39, M ’47) succeeds to Mr. Ellis’ previous 
position. H. H. Roth (A’40) has been 
appointed Engineer-in-Charge of the Large 
Generator Sales Group. For the last two 
years, he was Application Engineer in the 
Generator Group of the Motor and Genera- 
tor Section. 


H. E. Strang (A’28, F’45), until recently 
Engineering Manager of the Affiliated Manu- 
facturing Companies Department of the 
General Electric Company has been named 
Manager of the Apparatus Department’s 
Meter and Instrument Divisions at Lynn, 
Mass. Mr. Strang began his career with 
General Electric in 1925. Some of the 
committees on which he has served are: 
Protective Devices; Standards, Technical 
Program; Award of Institute Prizes; and 
Management. 


R. S. Fleshiem (A’26, M’36) has been 
promoted from Manager of the Electrical 
Department to Assistant to the Executive 
Vice-President of the General Machinery 
Division of the Allis-Chalmers Manufactur- 
ing Company, Milwaukee, Wis. R. M. 
Casper (M40), formerly Manager of the 
Motor and Generator Section, has assumed 
Mr. Fleshiem’s previous duties. Mr. 
Fleshiem has been with Allis-Chalmers 
since 1904, and Mr. Casper, since 1936. 


H. F. Dart (A’20, M ’26), Office Manager, 
Electronic Tube Engineering Department, 
Westinghouse Electric Corporation, Bloom- 
field, N. J., has been elected Chairman of 
the New York section of the Institute of 
Radio Engineers for a term of one year. A 
member of that society since 1920, he joined 
the Westinghouse staff in 1922. He served 
on the AIEE Electronics Committee, 1948-— 
49. 


P. D. Wagoner (A’02), Chairman of the 
Board and Chief Executive of the Under- 
wood Corporation, New York, N. Y., has 
received an honorary Doctor of Engineering 
degree from his alma mater, the Stevens 
Institute of Technology, in Hoboken, N. J. 
He is an 1896 mechanical engineering grad- 
uate. Associated with the Underwood 
Corporation and its predecessor companies 
for over 30 years, he is a Member for Life. 


H. H. Cochrane (M43), Chief Engineer, 
Montana Power Company, Butte, has re- 
tired after 50 years of service. A. C, 
Pratt (A’03, M712), formerly Assistant 
Chief Engineer, retired at the same time. 
Mr. Pratt is a Member for Life. Both have 
been retained by the company as full-time 
consultants. Recent appointments made 
by Montana Power are: C. H. Kirk (A ’43) 
to Superintendent of Transmission and Dis- 
tribution; and H. K. Dickinson (A’44) 
to Electrical Engineer. 


W. K. Scott (A’42, M’44), until recently 
Assistant Superintendent of Construction, 
Columbia Steel Company, Pittsburg, Calif., 
has been designated Electrical Engineer and 
will work in Oakland, Calif. He has been 
identified with Columbia for 25 years. 
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W. M. McKie (A 41, M °47) now is working 
in the Toronto district office of the Canadian 
General Electric Company, Limited, To- 
ronto, Ontario, where he is responsible for 
the sales engineering of heavy industrial 
equipment in the area between North Bay 
and Saulte Ste. Marie. Formerly, he was 
Manager of the Electronic and Rectifier 
Section at the company’s head office. 


I. W. Borda (M739) and W. R. Van Steen- 
burgh (A’21) have been appointed Vice- 
Presidents of the Okonite Company, Passaic, 
N. J. With Okonite since 1924, Mr. Borda 
continues as Manager of the Pacific Coast 
District in San Francisco, Calif. Mr. 
Van Steenburgh, who joined the firm in 
1917, retains his duties as Manager of the 
North-East Sales District in New York, N. Y. 


W. W. Ege (A’23, M32), previously 
General Manager of Sales, has been named 
to the newly created position of Vice- 
President, Sales, with the Copperweld Steel 
Company, Glassport, Pa. Other promo- 
tions are F. E. Leib (M44) to Assistant to 
Vice-President, Sales, and P. A. Terrell 
(M °30) to Assistant Vice-President. Before, 
Mr. Leib was Assistant General Manager of 
Sales, and Mr. Terrell was Assistant to the 
Executive Vice-President. 


A. S. Albright (M°37, F’43), Controller 
of the Detroit (Mich.) Edison Company 
since 1943, has been elected Treasurer of 
the utility. He has been with the firm 
since 1912, when he was employed as an 
engineer in the statistical department. Mr. 
Albright has served on the Instruments and 
Measurements and the Basic Sciences Com- 
mittees. 


F. M. Bilhimer (M ’41) engineer with the 
Equitable Life Assurance Society, New 
York, N. Y., has been elected President of 
the New York Chapter of the National 
Society of Professional Engineers. Also, 
B. E. Anderson (M735, F’45), electrical 
engineer at Ebasco Services, Inc., New 
York, N. Y., was voted Vice-President. 


F, K. McCune (A’33, M’43), former 
Assistant to the General Manager, Appara- 
ratus Department, has been appointed 
Assistant General Manager of the Nu- 
cleonics Department, General Electric Com- 
pany, Schenectady, N. Y. With General 
Electric since 1928, Mr. McCune served on 
the Transfers Committee, 1946—48. 


C. W. La Pierre (A’28, M’43), formerly 
Vice-President in Charge of Engineering, 
American Machinery and Foundry Com- 
pany, New York, N. Y., is now assistant 
Manager of the Aircraft Gas Turbine 
Divisions, General Electric Company, Lynn, 
Mass. Mr. La Pierre served on_ the 
Membership Committee, 1945-48. 


H. A. Glover (A’39), formerly Assistant 
Sales Manager, has been designated Sales 
Administration Manager with the S and C 
Electric Company, Chicago, Ill. Prior to 
joining the firm in 1946 as Sales Department 
Supervisor, he had worked for the I-T-E 
Circuit Breaker Company, Philadelphia, Pa. 
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W. L. Bird (A’03, F’20), Vice-President, 
Kaministiquia Power Company, Limited, 
Fort William, Ontario, Canada, has retired. 
He has been in the electrical industry 54 
years. A Member for Life of the Institute, 
he served on the Power Stations Committee, 
1917-19. 


J. K. Hodnette (A’25, F’42), Vice-Presi- 
dent and Head of the Transformer Division, 
Westinghouse Electric Corporation, Sharon, 
Pa., has become General Manager of In- 
dustrial Products with headquarters at 
Pittsburgh, Pa. Mr. sHodnette served on 
the Electrical Machinery Committee. 


W. R. Coley (A’19, M’25), Vice-President 
in Charge of Production since 1944 of the 
Leeds and Northrup Company,  Phila- 
delphia, Pa., has retired. He has been 
with the firm since 1906, when he was 
employed as an instrument maker in the 
galvanometer section of the laboratory. 


L. E. Record (A 31), for six years supervisor 
of the Tube Development Laboratory, has 
been named Supervisor of the Development 
and ‘Testing Laboratories for the Tube 
Division, General Electric Company, 
Schenectady, N. Y. 


Edward Allen (A’40, M’47) is the new 
Midwestern Editor of Electrical World. 
His headquarters are in Chicago, IIl. 
Formerly, he had been General Service 
Engineer for the Electric Power Board of 
Chattanooga, Tenn. 


R. R. Jackson (A’45) is in charge of the 
Edmonton office of F. D. Bolton, Limited, 
in Edmonton, Alberta, Canada. Formerly, 
Mr. Jackson was in the employ of the 
Canadian General Electric Company, Winni- 
peg, Manitoba. 


W. H. Stueve (M’43), Executive Assistant, 
Oklahoma Gas and Electric Company, 
Oklahoma City, has been initiated into the 
Oklahoma University Chapter of Tau Beta 
Pi for his outstanding achievements in the 
engineering field. 


S. W. Booth (M’45), formerly Associate 
Chief, has been made Chief of the Engi- 
neering Department of the Naval Ordnance 
Laboratory at White Oak, Md. Mr. Booth 
joined the laboratory in 1941. 


L. R. Crane (A’41), formerly Switchgear 
Specialist, has been made Manager of 
Switchgear Sales, A. B. Chance Company, 
Centralia, Mo. 


H. L. Scott (A’49), owner of the Scott 
Electric Company, Corpus Christi, Tex., has 
been appointed Chairman of the Business 
Promotion Committee of the National 
Electrical Contractors Association. 


W. F. Rauber (M’45) is now Manager 
of Sales for the Switchgear Division, Appa- 
ratus Department, General Electric Com- 
pany, Philadelphia, Pa. 
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J. T. Ward (A ’44) has been appointed vice- 
president in charge of engineering and opera- 
tions at the Boston (Mass.) Edison Company 
Joining the company in 1941, as head of the 
radio department, he became a vice-presi- 
dent of the Boston utility one year later. 
Previously, Ward had been affiliated with the 
Massachusetts Institute of Technology, Cam- 
bridge, Mass., and was director of the re- 
search laboratory for the M. W. Kellog Com- 
pany, New York, N. Y. 


G. J. Taylor (M 44) of Day-Brite Lighting 
Inc., New York, N. Y., has been named 
eastern sales manager of that company. He 
will be in charge of a territory covered by the 
New England states, New York State, 
Pennsylvania, New Jersey, and Washington, 
D. C. Mr. Taylor joined Day-Brite in 
1947. Previously, he had worked for the 
Cooper-Hewitt Company and General Elec- 
tric Company. 


S. A. Smith (A’24, M ’31) has been elected 
vice-president in charge of research and 
development at the General Cable Corpora- 
tion, New York, N. Y. At the same time, 
A. D. Pettee (A’20 F’45) was made vice- 
president in charge of product engineering. 
Mr. Pettee now is serving on the Insulated 
Conductors Committee. 


G. M. Woods (M’43), has been appointed 
manager of the transportation section, indus- 
try engineering department, Westinghouse 
Electric Corporation, East Pittsburgh, Pa. 
He has been doing transportation engineer- 
ing work since 1911 when he joined the com- 


pany. 


Neil Metz (A 39) is now transmission engi- 
meer in the operations department of the 
Florida Power and Light Company, Miami. 
In the same department, O. T. Ayers (M °47) 
has been appointed distribution engineer 
and R. A. Goodburn (A’37) system engi- 
neer. 


R. E. Worstell (M ’46) has been appointed 
manager of quantity consumer sales, lamp 
department, General Electric Company, 
Cleveland, Ohio. Formerly, he was super- 
visory engineer, Atlantic sales district, in 
General Electric’s New York, N. Y., offices. 
He has been with the company since 1925. 


H. A. Howard (A’45), formerly manager, 
Brantford Township Hydro-Electric Com- 
mission, Brantford, Ontario, Canada, is now 
superintendent of the ‘Thorold Public 
Utilities Commission. 


E. C. Easter (A’46) is now sales manager, 
Alabama Power Company, Birmingham. 
Identified with the utility since 1924, he 
became chief agricultural engineer three 
years later, and manager of the rural and 
towns division in 1933, 


A. R. Nelson (A ’22, M ’29), formerly assist- 
ant general superintendent, electrical dis- 
tribution, Public Service Electric and Gas 
Company, Newark, N. J., has been named 
general superintendent. He has been with 
the company since 1920. 
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R. A. Merrill {A ’47) head of the University 
of Chattanooga (Tenn.) Engineering Depart- 
ment has been elected president of the newly 
organized Tennessee Society of Professional 
Engineers. 


J. H. Goss (A’ 35, M’43), until recently 
assistant manager of engineering, control 
division, General Electric Company, Sche- 
nectady, N. Y., has been promoted to mana- 
ger of engineering. He has been with 
General Electric since 1931, when he joined 
the company as a student engineer. 


W. G. Albright (A’43), until recently an 
instructor, has been promoted to an assistant 
professorship in the electrical engineering 
department at the University of Illinois, 
Urbana. 


K. W. Johansson (A’11, M ’28), formerly 
connected with the Aluminum Company of 
America and the Westinghouse Corporation, 
is now local manager of the Arvada Electric 
Company, Arvada, Colo. Johannson is a 
Member for Life of the Institute. 
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George Hart Morse (F’22), consulting 
engineer, Arlington, Va., died June 1, 1949. 
A native of St. Paul, Minn., born May 23, 
1871, he graduated from the University of 
Minnesota in 1893 and received an advance 
degree in electrical engineering from the 
same university in 1911. Beginning his 
career in 1893 as a special apprentice with 
the General Electric Company, Schenectady, 
N. Y., he subsequently was associated with 
the Wagner Electrical Manufacturing Com- 
pany, St. Louis, Mo., and the Benton 
Harbor Electric Light Railway and Power 
Company, St. Joseph, Mo. In 1899, he 
became an instructor in electrical engineering 
at the University of Nebraska, Lincoln. 
Three years later, he was designated Pro- 
fessor in and head of the electrical engineer- 
ing department. After 13 years at the 
university, he joined the Mutual Electric 
and Machine Company, Detroit, Mich., 
as consulting engineer. From 1918 to 
1921, he was power specialist and appraisal 
engineer with the United States Shipping 
Board Emergency Fleet Corporation. Dur- 
ing the interval, 1922-31, he was employed 
by the Commonwealth of Pennsylvania, for 
which he did work on the Giant Power 
Survey, Public Service Commission, and 
Department of Welfare. Subsequently, he 
was chief engineer with the New York 
Power Authority, and, in 1933, he was 
Chief of the Distribution Cost Survey, con- 
ducted by the Federal Power Commission 
in fulfillment of a Senate resolution. This 
was the last post he held prior to his retire- 
ment from government service. He was 
the author of articles in the Giant Power 
Survey published by the Commonwealth 
of Pennsylvania, and the patentee of electric 
switches, calculating machines, and _ tele- 
vision receiving apparatus. He was the 
codiscoverer of the Morse-Cushman Effect, 
namely, rectification of an alternating cur- 
rent by means of one arc drawn between 
three carbons in a magnetic field. 
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Preston Strong Millar (A’03, M13), 
President and Director, Electrical Testing 
Laboratories, Inc., New York, N. Y., died 
June 17,1949. He had been associated with 
the laboratories and its predecessor for 52 
years. Born in Andover, N. J., on March 
9, 1880, he joined the Lamp Testing Bureau 
of the Association of Edison Illuminating 
Companies at Harrison, N. J., in 1897, 
Two years later, he became Assistant 
Manager of the company. In 1900, the 
Lamp Testing Bureau became the Electrical 
Testing Laboratories, of which firm, Mr. 
Millar was designated General Manager 
in 1914. He was named President in 1929. 
From 1919 to 1942, he was Secretary of the 
Association of Edison Illuminating Com- 
panies. Co-inventor of the Sharp-Millar 
photometer, he was the author of numerous 
technical articles, and contributed to the 
section on illumination in the Standard 
Handbook for Electrical Engineers. Mr. 
Millar was one of the founders of the Ilu- 
minating Engineering Society and was its 
president in 1913. In 1945, he received the 
society’s Gold Medal for his services to that 
organization and for his contributions to 
the science of lighting. Other groups in 
which Mr. Millar was active were: the 
United States National Committee of the 
International Commission on Illumination 
(President, 1936-48); the American Council 
of Commercial Laboratories (President, 
1937-39); and the New York Electrical 
Society, Inc. (President, 1943-44). He 
was a fellow of the American Physical So- 
ciety, the American Association for the 
Advancement of Science, and the Illuminat- 
ing Engineering Society, and was a member 
of the American Optical Society, the 
American Society for Testing Materials, 
and the Association of Consulting Chemists 
and Chemical Engineers. During World 
War II, Mr. Millar was lighting adviser 
to the Office of Civilian Protection of West- 
chester County. He served on the Electro- 
physics Committee, 1917-18, the Production 
and Application of Light Committee, 1923- 
46 (Chairman 1925-28), and the Meetings 
and Papers Committee, 1925-28. He was 
a Member for Life. 


Norman Leslie Rea (A’02), former Engi- 
neering Consultant, Service Engineering 
Divisions, General Electric Company, Sche- 
nectady, N. Y., died May 10, 1949. He was 
with the company for over 45 years. Born 
April 11, 1879 in East Beekmantown, 
N. Y., he received a Bachelor of Science 
degree in electrical engineering from the 
Clarckson School of Technology in 1901. 
Joining General Electric shortly thereafter, 
he worked in the Testing Department and, 
later, the Construction Department. Subse- 
quently, he became Supervising Engineer 
of the latter department. Named Super- 
vising Engineer of the Contract Service 
Department in 1925, he was designated 
Superintendent of Electrical Installation in 
the Service Engineering Divisions eight 
years afterward. In this post, he directed 
installations of General Electric apparatus 
throughout the world. Some American 
projects on which he worked were the Bonne- 
ville Dam, Boulder Dam, and water-power 
stations of the Tennessee Valley Administra- 
tion. Abroad, he helped to install generat- 
ing equipment at the following sites: Santos, 
Brazil; LaGuaira, Venezuela; and Dnie- 
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prostroi, Russia. In addition, he worked 
on the Rione project in Uruguay and various 
installations in India. Mr. Rea was ap- 
pointed Engineering Consultant in 1945, 
and he retired from General Electric two 
years later. He was a Member for Life. 


Raymond Robert Stoddard (A ’38), lawyer 
and engineer, who had served the Phila- 
delphia (Pa.) Electric Company from 1926 
to 1943, died June 16, 1949. For the last 
five years, he was Industrial Power Engineer 
for the Brockton Gas Light Company, 
Concord Electric Company, Exeter and 
Hampton Electric Company, Pike County 
Light and Power Company, Rockland 
Electric Company, Rockland Light and 
Power Company, Fitchburg Gas and Electric 
Company, and Springfield Gas Light Com- 
pany, all in New England and New York. 
His office was in Boston, Mass. Born De- 
cember 9, 1900, in Lynn, Mass., Mr. Stod- 
dard had bachelor’s and master’s degrees 
in electrical engineering from the Massa- 
chusetts Institute of Technology, as well as a 
Doctor of Laws degree from Temple Uni- 
versity Law School. He was a member of 
the bar, admitted to practice before the 
United States District Court and Court of 
Appeals in Washington. Between his Phila- 
delphia and Boston posts, Mr. Stoddard 
was with the Sperry Gyroscope Company, 
Garden City, L. I. Prior to working for 
the Philadelphia Electric Company, he had 
been a power salesman with Binghamton 
(N. Y.) Light, Heat and Power Company 
from 1925 to 1926. 


Grover C. Meyer (M’44) Industrial Engi- 
neer with the Kansas City (Mo.) Power and 
Light Company for 32 years died June 2, 
1949. A native of Missouri, he was born 
in Higginsville on September 9, 1892. 
Graduated in 1917 from Finlay Engineering 
College, he began his career with the Kansas 
City Power and Light Company shortly 
thereafter. During his first four years 
with the utility, he was in charge of replacing 
25-cycle with 60-cycle equipment in flour 
mills, grain elevators, and feed mills. Later, 
he did work in the fields of power sales, power 
cost analysis, and power applications. From 
time to time, he also did consulting engineer- 
work for such firms as the Horner Wyatt 
Engineering Company of Kansas City and 
the Cereal Engineering Company of Minneap- 
olis, Minn. 


Joseph Henry Yarnall (M’19, F°’46), 
formerly Superintendent of Power for the 
Boston (Mass.) Elevated Railway, now the 
Metropolitan Transit Authority, died June 
5, 1949. He had been with the company 
since 1906, which he joined after one year 
with the General Electric Company at Lynn, 
Mass., as a student apprentice. After three 
years of service with the transit company he 
was designated Assistant Engineer in the 
Electrical Engineering Department. In 1923, 
he was promoted to Power Engineer in the 
company’s Power Engineering Department. 
He became Superintendent of Power in 1943, 
Three years later, he retired. A native of 
Sunbury, Pa., born January 6, 1884, he 
received a Bachelor of Science degree from 
Pennsylvania State College in 1905 and an 
electrical engineering degree from the same 
institution in 1914. 
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Fred Alan Fish (A’00, F’13), Professor of 
Electrical Engineering, Iowa State College, 
Ames, died May 20, 1949. He had been 
teaching at the college since 1905, when he 
was appointed Associate Professor of Physics 
and Electrical Engineering. Named Pro- 
fessor of Electrical Engineering and Head of 
the department in 1907, he relinquished the 
duties of the latter post in 1930, but remained 
as Professor. Prior to joining the staff of 
Iowa State College, Professor Fish served 
for four years as Assistant Professor of 
Electrical Engineering at Ohio State Uni- 
versity, Columbus. From 1898 to 1900, 
he had been an instructor at Ohio State, 
and, in the year that followed, he taught 
at the University of Wisconsin, Madison. 
An alumnus of Ohio State University, he 
was born February 21, 1875 in Milan, Ohio. 
Professor Fish was identified with the follow- 
ing organizations: the National Electric 
Light Association (now the Edison Electric 
Institute), the American Society of Engi- 
neering Education; Sigma Xi; Tau Beta 
Pi; Eta Kappa Nu; and Phi Kappa Phi. 
He was a Member for Life. 


MEMBERSHIP ee 


Recommended for Transfer 


The board of examiners at its meeting of July 21, 
1949 recommended the following members for transfer 
to the grade of membership indicated. Any objection 
to these transfers should be filed at once with the secre- 
tary of the Institute. A statement of valid reasons for 
such objections must be furnished and will be treated 
as confidential. 


To Grade of Fellow 


Alexander, E. H., mgr., commercial engg. div., General 
Elec. Co., Schenectady, N. Y. 

Clark, L. W., supt. underground lines dept., The Detroit 
Edison Co., Detroit, Mich. 

Dibble, B., consulting engr., 120 E, Palm Ave., Redlands, 
Calif. 

Foulkrod, R., plant extension engr., Michigan Bell 
Tel. Co., Detroit, Mich. 


Mfgr. Co., Pittsburgh, Pa. 

Holland, W. A., elec. engg. lecturer, Drexel Inst. of 
Tech., Phila., Pa. 

Landis, G. H., chief engr., Central Hudson Gas & Elec. 
Corp., Poughkeepsie, N. Y 

Lauder, A. H., asst. mgr. of engg., large motor & 
evs div., General Elec. Co., Schenectady, 


Mathewson, H. G., building & equipment engr., Texas 
area, Southwestern Bell Tel. Co., Dallas, Tex. 
Miner, J. D., Jr., mgr., aviation engg. dept., Westing- 
house Elec. Corp., Lima, Ohio 

Montgomery, T. B., engr. in-chg., control 
Allis-Chalmers Mfgr. Co., Milwaukee, Wis. 

Moulton, J. S., vice pres. & exec. engr., Pacific Gas & 
Elec. Co., San Francisco, Calif, 

Schmitt, G. E., asst. genl. mgr. & chief engr., Lower 
Colorado River Authority, Austin, Tex. 

Sherwin, J. L., chief elec. engr., Arthur G. McKee & 
Co., Cleveland, Ohio 

Stivender, E. H., elec. engr., Allis-Chalmers Mfgr. Co., 
Milwaukee, Wis. 

Wiltse, S. B., prof. of elec. engg.; chairman, coop. & 
extension education, Rensselaer Poly. Inst., Troy, 


N. Y. 
16 to grade of Fellow 


engg., 


To Grade of Member 


Ashley, D. P., elec. engr., Long Island Lighting Co., 
Mineola, N. Y. 

Balch, L. C., salés engr., Kingsport Elec. Co., Inc., 
Kingsport, Tenn. 

Beem, F. A., engr., Illinois Bell Tel. Co., Chicago, Il. 

Bissel, E. E., Jr., electronic engr., Naval Research 
Laboratory, Washington, D. C. 

Brancke, C. A., control engr., General Elec. Co., Erie, 


Pas 

Bredenberg, A., Jr., design & application engr., General 
Elec, Co., Erie, Pa. 

Bretz, G. W., elec. engr., Air Products, Inc., Emmaus, 


Pa. 

Cattolica, J. L., asst. engr., Pacific Gas & Elec. Co., 
San Francisco, Calif. 

Christie, J., elec. engr., Messrs. A, Reyrolle & Co., Ltd., 
Hebburn-on-Tyne, England 

Clark, E. C., application engr., General Elec. Co., 
Schenectady, i 


Institute Activities 


Cobb, L. M., supervisor, elec. system analysis group, 
The Glenn L. Martin Co., Baltimore, Md. 

Cooper, T. R., chief, elec. & mech. sections, Public 
Service Comm. of W. Va., Charleston, W. Va. 

Dukes, W. W., Jr., vice pres., Applied Engg. Co., Inc., 
Orangeburg, S. C. 

Eschmann, W. G., project liaison engr., The Glenn L. 
Martin Co., Baltimore, Md. 

Ewing, P. B., foreign wire relations engr., Indiana Bell 
Tel. Co., Indianapolis, Ind. 

Fels, Ja service engr., General Elec. Co., Los Angeles, 

alif. 


Fritsche, W. O., elec. engr., United Illuminating Co., 
New Haven, Conn. 
F eagle R., elec. engr., Gilbert Associates, Inc., Reading, 
a 


Fuegel, E. F., development engr., General Elec. Co., 
Pittsfield, Mass. . 
omg PSE C., elec. engr., J. E. Sirrine Co., Greenville 


Gordon, K. H., asst. elec. engr., The Pennsylvania 
R. R., Philadelphia, Pa. 

Green, J. A., elec. engr., Collins Radio Co., Cedar 
Rapids, Ia. 

Gregory, L. W., design engr., Westinghouse Elec. Corp., 

Hi Baltimore, Md. 

astings, H. R., engr., product or design, A. C. Spark 

Plug Div., GMC, Hint, Mich. = i 

Hoffmann, A. H., electrical design engr., Westinghouse 
Elec. Corp., East Pittsburgh, Pa. 

Hutchison, . M., transportation application engr., 
Westinghouse Elec. Corp., East Pittsburgh, Pa. 

Jenkins, R. W., senior engr., Consolidated Gas Elec. 
Light & Pr. Co. of Baltimore, Md. 
Jensen, H. A., general foreman, electrical maintenance 
dept., Nash Kelvinator Corp., Kenosha, Wis. 
Johansson, A. V., control requisition engr., General 
Elec. Co., Erie, Pa. 

Kaufman, R. B., developmental engr., General Elec. 
Co., Pittsfield, Mass. 

rt E. A., elec. engr., General Elec. Co., Cleveland, 

hio 

Longwell, R. R., engg. & service supervisor, Westing- 
house Elec. Corp., Baltimore, Md. 

Lyon, W. D., engr., toll plans & estimates, Illinois Bell 
Tel. Co., Chicago, Il. 
MacLane, G. L., Jr., asst. mgr., engg. labs. & stds., 
Westinghouse Elec. Corp., East Pittsburgh, Pa. 
Margrave, H. E., chief system operator, Kansas Gas & 
Elec. Co., Wichita, Kans. 

Mattison, G. G., asst. supt., elec. maint. & const., Duke 
Power Co., Charlotte, N. C. 

McClure, R. F., system distribution engr., Southwestern 
Public Service Co., Amarillo, Tex. 

McDonnell, J. A., dev. engr., General Elec. Co., West 
Lynn, Mass. 

Misegades, E. L., engg. air conditioning dept., General 
Elec. Co., Bloomfield, N. J. 

Mitch, J. E., engr., The Arnold Engg. Co., Marengo, Ill. 

Nelson, J. S., design engr., General Elec. Co., West 
Lynn, Mass. 

Peter, B. L., asst. engr., Pacific Gas & Elec. Co., San 
Francisco, Calif. 

Plunkert, J. F., electronics engr., P-6, Naval Air Test 
Center, Patuxent River, 

Pool, R. P., chief engr. & project mgr., rayon plant, 
F. V. Llolleo, San Antonio, Chile, S. A. 

Quill, J. S., application engr., General Elec. Co., 
Schenectady, N. Y. 

Ringe, G. T., Jr., headquarters avia. repr., Westing- 
house Elec. Corp., Los Angeles, Calif. 

Rosenquist, R. T., induction motor section engr., 
Elliott Co., Ridgway, Pa. 

Sanderson, H. A., sales engr., Northern States Power 
Co., Minneapolis, Minn, 

Schaeffer, G. H., Jr., elec. engr., Carpenter Steel Co., 
Reading, Pa. 

Schlawin, R. G., designing engr., power trans, engg. 
div., General Elec. Co., Pittsfield, Mass. 

Schlitt, W. J., Jr., engr., Columbus & Southern Ohio 
Elec, Co., Columbus, Ohio 

Sherman, H., chief, systems analysis unit, Watson Labs, 
AMG, Red Bank, N. J. 

Shores, R. B., section engr., development section, 
General Elec. Co., Phila., Pa. 

Smith, J.P., application engr., ind. engg. divs., General 
Elec. Co., Schenectady, N. Y. 

Speight, J. W., testing engr., section head, Hydro-Elec. 
Power Comm, Labs., Toronto, Ont., Can. 

Spencer, J. H., engr., General Elec. Co., Pittsfield, Mass. 

Stork, C. L., asst, elec. engr., Eastman Kodak Co., 
Rochester, N. Y. 

Sutherland, R., engr., General Elec. Co., Pittsfield, 
Mass. 

Swinney, J. G. C., Jr., senior engr., International 
Standard Elec. Corp., New York, N. Y. 

Taborsky, S., elec. engr., Glenn L. Martin Co., Baltimore, 
Md 


Tarpley, H. I., elec. engg. prof., Pennsylvania State 
College, State College, Pa. 

Warshaw, J., chief product engr., International Re- 
sistance Co., Phila., Pa. 

Whitesell, R, O., consulting engr., Engineering Products, 
Indianapolis, Ind. 

Wilson, M. E., asst. supervisor, elec. system protec. div., 
Consolidated Gas Elec. Light & Pr. Co. of Balti- 
more, : 

Wright, H. E., field application engr., I-T-E Circuit 
Breaker Co., Boston, Mass. 

65 to grade of Member 


Applications for Election 


Applications for admission or re-election to Institute 
membership have been received during the month end- 
ing August 5, 1949, from the persons listed below. Any 
member objecting to the election of any of these candi- 
dates should so rm Domes the secretary before September 25, 
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1949, or November 25, 1949, if the applicant resides 
outside of the United States, Canada, or Mexico. All 
but a small number of the applications for Associate 
membership listed below have been received from 
Student members whose term of such affiliation will not 
expire until April 30, 1950; action upon such applica- 
tions will therefore be deferred until that time in prac- 
tically all cases. 


To Grade of Fellow 


Brazier, L. G., British Insulated Callender’s Cables, 
Ltd., London, England 
1 to grade of Fellow 


To Grade of Member 


Bewley, J. O., Jr., General Elec. Co., Charleston, W. Va. 

Sundararaman, R., The Crompton Eng. Co. (Madras) 
Ltd., Madras, South India 

Conners, M. J., Air Reduction Co., New York, N. Y. 

Donahue, R. A., Western Elec. Co., Kearny, N. J. 

Lear, W. E., Univ. of Florida, Gainesville, Fla. 

Wellan, W. H., North Dakota State School of Science, 
Wahpeton, N. Dak. 

Smith, H. W., Lenkurt Elec. Co., Inc., San Carlos, Calif. 

seas ea R. T., Ministry of Supply, Warrington, Eng- 
an 

Coutts, C. A., Northern States Power Co., Minneapolis, 


Minn. 
Eschholz, P. A., The Hartford Elec. Light Co., Hartford, 
onn. 
Hanft, H., 711 New Jersey Ave., Brooklyn, N. Y. 
Hawk, R. A., Northern Indiana Public Service Co., 
Goshen, Ind. 
oe Wy. C., N. Y. State Elec. & Gas Corp., Lockport, 


Johannsen, E. A. R., Parsons Aerojet Co., Los Angeles, 
alif, 

Sn roat ati J- B., General Elec. Co., San Francisco, 
alif. 


Morrin, T. H., Stanford Research Inst., Stanford, Calif. 

Nicholas, J. E., Pennsylvania State College, State 
College, Pa. 

Roach, O. R., 332 S. Michigan Ave., Chicago, II. 

Sands, G., Naval Headquarters, Ottawa, Ont., Canada 

Scott, A. H., General Elec. Co., Pittsfield, Mass. 

Thompson, G. E., Kaiser Co., Inc., Fontana, Calif. 


21 to grade of Member 


To Grade of Associate 
United States, Canada, and Mexico 


1. Nortu Eastern 


Albaugh, S. W., West Main Rd., Fredonia, N. Y. 
Andrew, R. T., Raytheon Mfg. Co., Waltham, Mass. 
Angelo, J., General Elec. Co., Schenectady, N. Y. 
Appleton, W. B., 71 Hillbert Ave., Brockton, Mass. 
Aubrey, A. M., 165 Centre St., Middleboro, Mass. 
Austin, E. N., 29 Worcester St., Belmont, Mass. 
Bassett, J. D., 35 Haskins St., Providence, R. I. 

Berger, M. A., 929 Blue Hill Ave., Dorchester, Mass. 
aa ie W., 62 Homewood Ave., No. Providence, 


Bunnecke, R. J., 2005 Hoover Rd., Schenectady, N. Y. 
Burk, M. K., General Elec. Co., Schenectady, f 
panera G., 35 Zumora St., Jamaica Plain, Mass. 
Seat -» Rochester Gas & Elec. Corp., Rochester, 
Caddell, R. C., Jr., 3 Wood St., Fairhaven, Mass. 
poppe Ie M., 289 Angell St., Providence, R. I. 


Carson, J. R., 501 Essex St., Bangor, Me. 
ae A. bs (re-election) 40 Federal St., W. Lynn, 
ass. 


Chamberlain, W. E., Jr., 116 Fairview St., Providence, 
Red 


Charow, W. J., 1 Belchertown St., Three Rivers, Mass. 
Clark, N. F., 3 Norton St., West Lynn, Mass. 
Clarke, W. V., 78 Mendon St., Uxbridge, Mass. 
Colarusso, J. E., 572 Admiral St., Providence, R. |. 
Cooper, S., 136 Fellsway West, Medford, Mass. 
Cowen, T. S., N. Y. State Elec. & Gas Corp., Bingham- 
ton, N.Y. 
Degan, L. J., General Elec. Co., Pittsfield, Mass. 
Deuring, W. Godt General Elec. Co., Pittsfield, Mass. 
Dickson, A. W., Mass. Inst. of Tech., Cambridge, Mass. 
Donegan, E. P., Jr., 862 Washington St., Dorchester, 
ass. 
Dulong, P, R., 28 Trowbridge Rd., Worcester, Mass. 
Durfee, L., Jr., 431-B Elmgrove Ave., Providence, R. I. 
Emerson, F., R.F.D. #2, Pittsfield, N. H. 
Fernandez, R., (Student), Rensselaer Polytechnic Inst., 
Troy, N. Y. 
Ferrante, W. R., 198 Vinton St., Providence, R. I. 
Fitzgerald, W. J., Jr., 584 Elm St., New Haven, Conn. 
Foss, H. W., 47 Smith St., Marblehead, Mass. 
Gates, T. E., Box 541, White River Junction, Vt. 
Georgalos, J. E., Boston Edison Co., Boston, Mass. 
Gilroy, R. B., 52 Adams Pl., So Weymouth, Mass. 
Glasberg, D., 374 Lloyd Ave., Providence, R. I. 
Gregory, J. G., 153 Wilbraham Road, Springfield, Mass. 
Hale, ks Jr., U. S. Naval Shipyard, Portsmouth, 
N 


Haley, J. T., 33 Fourth St., Doven, N. H. 

Hatch, D. E., 68 Green St., Bath, Me. 

Hayden, H. P., Link Aviation, Inc., Binghamton, N. Y. 

Healy, H. G., 285 Pleasant St., Winthrop, Mass. 

Henshaw, W. H., Jr., 141 Four Mile Rd., West Hart- 
ford, Conn, 

Hoag, J. Ways 286 Riverside Ave., Burlington, Vt. 

Holmes, R. W., Johnson, Vt. 

Hope, B. C., General Elec. Co., Pittsfield, Mass. 

Hossfield, G. L., Jr., New England Elec. System, Boston, 
Mass. 
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Hurlbert, A. W., 9 Banks St., Cambridge, Mass. 
Ignaszewski, C. J., Jr., Erving, Mass. 
ankowski, B., 81 Washington St., Hornell, N. Y. 
ohnson, J. K., R.D.#1, Pe Salppaate! IND a 
eared: H. J., 263 Mt. Pleasant Ave., Providence, 
Klein, J. J., 205 Lake View Ave., Cambridge, Mass. 
Kogut, J., 108 Pharis St., Syracuse, N. Y. 
Komar, M., 131 Boyden St., Woonsocket, R, I. 
Krummel, W. M., General Elec. Co., Syracuse, N. Y. 
Letourneau, A. L., 59 Prospect St., Ludlow, Mass. 
Lilly, J. C., 108 Vine St., Pautucket, R. I. 
Lovoi, J. W., Harvard Univ., Cambridge, Mass. 
Mahdesyan, M., 123 Japonica St., Pawtucket, R. I. 
Mann, W. B., 25 Murray St., Portland, Me. 
McFarland, V. E., 81—4th St., Bangor, Me. 
Mclver, N. E., 202 Milburn St., Rochester, N. Y. 
Morey, E. D., Sharon, Conn. 
Morisy, P. J., I. B. M. Corp., Endicott, N. Y. 
Neubauer, R. L., General Elec. Co., Schenectady, N. Y. 
Otto, E. G. (re-election), Hill, N. H. 
Paczkowski, H., 13 Carlton St., Salem, Mass. 
Paolella, A., 89 Superior St., Providence, R. I. 
Parker, R. S., 905 Hall St., Manchester, N. H. 
Pechulis, L. T., 153 N. Main St., Uxbridge, Mass. 
Pezza, J., 64 A Street, Cranston, R. I. 
Prasad, T. L. N. (Student) Harvard Univ., Cambridge, 


ass. 

Sepents T. C., Sylvania Elec. Products Inc., Salem, 
ass. 

Schiffman, M., General Elec. Co., Syracuse, N. Y. 

aay, He A., Jr., General Railway Signal Co., Rochester, 


Smith, T. P., (Student), Tufts College, Medford, Mass. 
Steves, J. W., 28 Bradbury St., Old Town, Me. 
Szepatowski, T. J., 432 River St., Woonsocket, R. I. 
Thomas, C. W., 130 Dexterdale Rd., Providence, R. I. 
Travers, P., Servomechanisms Lab., Cambridge, Mass. 
Wambsganss, B. A., Kingfield, Me. 
Weston, W. J., The Connecticut Power Co., New Lon- 
don, Conn. 
Weygand, A. D., 3059 Pawtucket Ave., Riverside, R. I. 
Willard, C. H., 49 Broad St., Wethersfield, Conn. 
Wise, D. O., Jr., 131 Elizabeth St., Hartford, Conn. 
Yirrell, F., 11 Whittier St., Winthrop, Mass. 


2. Muppet EAsterRN 


Aaron, M. R., Franklin Inst. Research Lab., Philadel- 
phia, Pa. 

Abbott, W. H., Jr., General Elec. Co., Erie, Pa. 

Anders, R. E., 3072 W. 105th St., Up, Cleveland, Ohio 

Aydelotte, R. R., 26 Belmont Ave., Wilmington, Del. 

Bartholomew, W. J., Jr., Pennsylvania Power & Light 
Co., Allentown, Pa. 

Batcho, J. M., 716 North 4th St., Toronto, Ohio 

Beery, ne G., Army Security Agency, Washington, 


Boehler, D. W., Affiliated Gas Equip. Inc., Cleveland, 
Ohio 

Bogner, P. W., Westinghouse Elec. Corp., E. Pittsburgh, 
P. 


a. 
Bright, D. W., Mine Safety Appliance Co., Pittsburgh, 
12 


a. 

Camp, T. B., Jr., Philadelphia Naval Base Shipyard, 
Philadelphia, Pa. 

Carden, G. H., Allis-Chalmers Mfg. Co., Baltimore, 
Md. 

Carr, T. J., R.D.#2, Box 268, Allison Park, Pa. 

Catlin, R. C., Westinghouse Elec. Corp., E. Pittsburgh, 
iv 


a. 

Cavolaski, E. C., Pennsylvania Power & Light Co., 
Pottsville, Pa. 

Chackan, N., Jr., 413 Boyd Street, Turtle Creek, Pa. 

Church, M. E., R.F.D. #2, Uniontown, Ohio 

Cliffe, W. W., Bailey Meter Co. Ltd., E. Cleveland, 
Ohio 

Comerford, W. T., Westinghouse Elec. Corp., Pittsburgh, 
Pa 


Council, H. A., Taft Trailer #32, Ada, Ohio 

Craft, R. F., R.D. 2, Punxsutawney, Pa. 

Dickerson, J. E., 3015 Royston Ave., Baltimore, Md. 

Diek, H. A., Jr., Philadelphia Naval Shipyard, Phila- 
delphia, Pa. 

Dorn, T. E., Westinghouse Elec. Corp., E. Pittsburgh, Pa. 

Dow, E. C., Westinghouse Elec. Corp.,.E. Pittsburgh,.Pa. 

Dudley, H. L., U. S. Navy Communications Station, 
Washington, D. C. 

Dye, J. E., Naval Ordnance Lab., White Oak, Md. 

Eavenson, C.,C & P Telephone Co., Clarksburg, W. Va. 

Farley, P. T., 2 Cable St., Athens, Ohio 

Feibelman, L., 342 Forest Ave., Cincinnati, Ohio 

Ferguson, R. W., U.S. Naval Air Development Station, 
Johnsville, Pa. 

Fitti, N. S., Jr., Naval Air Development Station, Johns- 


ville, Pa. 
Flanigan, J. M., (Student), Univ. of Pittsburgh, Pitts- 
burgh, Pa 


Foster, J. J., 5103 Race St., Philadelphia, Pa. 

Fowles, J. D., D. G. Oviatt Co., Cleveland, Ohio 

Frencho, J. L., Naval Air Development Station, Johns- 
ville, Pa. 

Gallagher, J. S., 36 S. 5th St., Easton, Pa. 

Gilcrest, D. E., R.D. #1, Hartville, Ohio 

Goldich, N. H., 159 Bala Ave., Bala-Cynwyd, Pa. 

Good, L. H., RCA Victor Div., Camden, N. J. 

Gotthilf, E. G., P. O. Box 175, Hopewell, N. J. 

Graham, J. D., R.D. #1, Turtle Creek, Pa. 

Gramelspacher, A. C., Ohio Univ., 21 B, Veterans 
Village, Athens, Ohio 

Gregory, W. R., Westinghouse Elec. Corp., E. Pitts- 
burgh, Pa. . ’ 

Guba, R. A., The Chas. E. Tull Co., Philadelphia, Pa. 

Gynn, C. B., Jr., 16919 Lake Ave., Lakewood, Ohio 

Haber Atroh, W. C., J & L Steel ial Pittsburgh, Pa. 

Hanousek, H. W., 3541 Pennington Rd., Shaker Hts. 
Ohio 

Harding, J. H., Westhinghouse Elec. Corp., Pittsburgh, 
ae 


Institute Activities 


sate, 4 R., American Tel. & Tel. Co., Washington, 


Heins, L. S., United Engineers & Constr. Inc., Phila- 
delphia, Pa. 
Hendricks, A. P., United Engrs. & Constructors, Inc., 
Philadelphia, Pa. 
Hessemer, P. B., 606 Evesham Ave., Baltimore, Md. 
ne ye? Jeffrey Dewitt Insulator Corp., Kenova, 
Vas 


Hines, J. N., Ohio State Univ. Research Foundation, 
Columbus, Ohio 

emer. R. C., Pennsylvania Railroad Co., Saltsburg, 
‘a. 

Hitt, sere Rural Electrification Admin., Washington, 

Holder, ibe C., Westinghouse Elec. Corp., Pittsburgh, 
a. 

Boop, C. W., Westinghouse Elec. Corp., E. Pittsburgh, 


a. 
Hopkins, J. H., 121 Carol St., New Cumberland, Pa. 


Jones, H. C., Westinghouse Elec. Corp., E. Pittsburgh, 


a. 

Kashmar, C. M., 1826 Constitution Ave., Chester, Pa. 

ae D. CG., Inst. for Cooper. Research, Baltimore, 
d 


Kniskern, P. N., 507 Riverview Rd., Swarthmore, Pa. 
Knudsen, R. F., 511 Locust Ave., Westmont, N. J. 
Kraus, M. H., 5707 Stuart Ave., Baltimore, Md. 
Kravitz, S., 3022 W. Lehigh Ave., Philadelphia, Pa. 
Kueier, Pa B., (Student), Catholic Univ., Washington, 


Lambert, A. L., (Student), Univ. of Pittsburgh, Pitts- 
burgh, Pa. 

Longest, W. G., 2422 W. Lafayette Ave., Baltimore, 
Md 


Maguire, D. B., 229 East Brown St., E. Stroudsburg, 
P. 


a. 
Maio, C. R., Pennsylvania Power & Light Co., Lan- 
caster, Pa. 
Mathews, D. A., 1017 Red Oak St., Charleston, W. Va. 
McCraven, M. R., 3144 Stanton Rd. S.E., Washington, 
D.C 


McGinnis, C. F., Elliott Co., Ridgway, Pa. 

McNally, W. P., USAF Air Materiel Command, 
Dayton, Ohio 

Mele, A. J., 2801 Ellsworth Ave., Erie, Pa. 

Meyers, C. L., Pittsburgh Screw & Bolt Corp., Pitts- 
burgh, Pa. 

Miller, R., 172 Elizabeth Ave., Trenton, N. J. 

Moore, J. G., Pennsylvania Transformer Co., Canons- 
burg, Pa. 

Oerthel, R. H., 1075 Oxford Rd., Cleveland Heights, 

io 

Orr, J. R., R. C. A., Camden, N. J. 

Ostroff, A., Technitrol Eng. Co., Philadelphia, Pa. 

Patterson, R. W., Republic Steel Corp., Cleveland, 
Ohio 

Petro, A. J., 814 Ridge St., Freeland, Pa. 

Phelan, C. S., 402 Dale Drive, Silver Spring, Md. 

Phipps, C. H., 125 North St., Bellevue, Ohio 

Pietroski, R. W., Naval Air Development Station, Johns- 
ville, Pa. 

Plichta, E. J., Clark Controller Co., Cleveland, Ohio 

Riddles, A. J., (Student), Catholic Univ., Washington, 
1B IC: 


Samans, E. W., Atlantic Refining Co., Philadelphia, Pa. 

Schaefer, H. S., Jr., Wheeling Steel Corp., Yorkville, 
Ohio 

Schwartz, C. J., 571 Noah Ave., Akron, Ohio 

Senausky, P. V., 35 Montgomery Ave., West Pittston, 
P 


a. 
Shackelford, E. D., E. I. duPont de Nemours, Deepwater, 


NJ. 
Bites J. B., 4922 N. 5th St., Philadelphia, Pa. 
Sloan, C. E., Jr., 5549 Forbes St., Pittsburgh, Pa. 
Smith, R. H., Jr., Union Switch & Signal Co., Pittsburgh, 
P 


a. 
Snyder, A. J., Jr., 7413 Sprague St., Philadelphia, Pa. 
Sonnenfeldt, R. W., RCA Victor Div., Camden, N. J. 
Spatt, O., Chase Aircraft Co., West Trenton, N. J. 
Sterling, A. G., Jr., John T. Handy Co., Crisfield, Md. 
Sticklen, W. E., 115 Oakwood Rd., Charleston, W. Va. 
Suffoletta, J. R., 1021 Federal St., Toronto, Ohio 
Svec, J. A., 5408 Belle Vista Ave., Baltimore, Md. | 
Tompkins, H. E., Moore School of Elec. Engg., Univ. of 
Pennsylvania, Philadelphia, Pa. : 
Trenbath, H. W., Jr., Air-Maze Corp., Cleveland, Ohio 
Tucker, W. M., 4903 Crowson Ave., Baltimore, Md. 
Uguccini, O. W., 3999 E. 123rd St., Cleveland, Ohio 
Ulmer, R. M., 3041 E. 126th St., Cleveland, Ohio _ 
Van Dine, H. A., Jr., General Elec. Co., Philadelphia, 


Pa. 
Vilushis, T. P., 551 Cleveland St., Hazleton, Pa. 
Wells, J. F., 19 Llandillo Road, Havertown, Pa. 
Wisniansky, N. F., Pennsylvania Transformer Co., 
Canonsburg, Pa. 
Wynn, F. X., 1019 Fawcett St., McKeesport, Pa. 
Zabetakis, 8S. G., 253 Meyran Ave., Pittsburgh, Pa. 


3. New York City 


Alt, F., J. G. Morris, Jersey City, N. J. 

Antin, J., 1105 Jerome Ave., New York, N. Y. 

Beran, L. S., 250 Midland Ave., East Orange, N. J. 

Betz, E. S., 418 Nelson Ave., Cliffside Park, N. J. 

Brown, R. M., 62 Orchard St., Summit, N. J. 

Criddle, L. G., American Machine & Foundry, Brooklyn, 
NYS 


Davidson, R. A., 2043 Holland Ave., New York, N. Y. 

Dawson, ee B., (re-election), Todd Shipyards, Brook- 
lyn, N. Y. 

DePalo, V. J., 1239 Webster Ave., New York, N. Y. 

Emerson, D. E., 30 Martin Ave., Clifton, N. J. 

Engel, N. D., Ward Leonard Elec. Co., Mt. Vernon, 
N. Y 


Ferguson, J. M., Sperry Gyroscope Co., Great Neck, 
Nie 
Fessler, G. E., Bell Tel. Labs., New York, N. Y. 


Flaum, I. T., 52 W. 94th St., New York, N. Y. 
Forst, J. J., 184 Palisade Ave., Yonkers, N. Y. 
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Freeman, S. S., 320 E. 197 St., New York, N. Y. 

Gale, G. L., Hazeltine Elec. Corp., Little Neck, N. Y. 

Gale, M., 489 E. 176th St., Bronx, N. Y. 

Gerych, W. E., Bendix Aviation Corp., Teterboro, N. J. 

Goldstein, E., Bell Tel. Labs., New York, N. Y. 

Gray, E. T., (re-election), Westinghouse Elec. Corp., 
Newark, N. J. 

Hoffman} J. E., c/o Gessner, R.D. #2, Box 53-A, Allen- 
dale, N. J. 


Hoffmann, or. 90-52 181 St., Jamaica, N. Y. 

Isaacs, H. C., 1501 Boston Rd., Bronx, N. Y. 

Jacobs, A. B., Long Island Lighting Co., Mineola, L. I., 
N.Y 


Jacobsen, I. S., Industrial Electronics Corp., Newark, 
N 


Jennings, J. T., Signal Corps Engg. Lab., Ft. Mon- 
mouth, N. J. 
Jensen A. J., 8535—124th St., Richmond Hill, N. Y. 
errigan, J. a2 Sperry Gyroscope Co., Great Neck, 
Tah Nwey 


Kinn, J. M., Jr., 44 Christopher St., Staten Island, 
NY 


Knapp, P. M., 93 Lenox Ave., Paterson, N. J. : 
Knight, P., J. A. Maurer, Inc., Long Island City, 
N. Y 


Lamour, R. W., 1515—1st Ave., New York, N. Y. 
Larsson, B. W., Westinghouse Elec. Corp., Hillside, 
N 


Latson W., Jr., 92 Linden Lane, Princeton, N. J. 
Lenz, S. V., 124 Milford St., Brooklyn, N. Y. 

Lester, E., 816 E. 176th Street, Bronx, N. Y. 

Linquiti, A., 165-13—144th Ave., Jamaica, L. I., N. Y. 
Lipkin, W., 40 Shore Blvd., Brooklyn, N. Y. 
Meenanyy: R., Sperry Gyroscope Co., Great Neck, L. I., 


Mentcher, I., 410 Madison Ave., Plainfield, N. J. 
Minder, P. M., 300 W. 106th St., New York, N. Y. 
Moenke, A. R., 32 Van Winkle Ave., Passaic, N. J. 
Mor WS E., J. G. White Engg. Corp., New York, 


Mustacciuolo, J. P., 105-13 86th St., Ozone Park, N. Y. 
Muthukrishnudu, M., 140 Prospect Place, Brooklyn, 
INE 


Nager, J. S., Nager Elec. Co., Inc., Brooklyn, N. Y. 

Neff, L. W., Sperry Gyroscope Co., Great Neck, N. Y. 

Niewenhous, J. H., Western Union Tel. Co., New York, 
IN: Y. 


Parr, H. M., Morningside Ave., South River, N. J. 

Peter, R. E., 21 Flint Ave., Hempstead, N. Y. 

Petruzzelli, R. T., Signal Corps Engg. Lab., Ft. Mon- 
mouth, N. J. 

Pfeiffer, T. A., Jr., Signal Corps Engg. Lab., Ft. Mon- 
mouth, N. J. 

Rosner, I. S., 245 E. 34th St., Brooklyn, N. Y. 

Ross, H., 294 Webster Ave., Brooklyn, N. Y. 

Ryan, M. W., 137 Elm St., Staten Island, N. Y. 

Saller, W., Box 129, Campgaw, N. J. 

sche J., Sperry Goons Co., Great Neck, 


Schreiber, H., Jr., 1031 Norton Road, Union, N. J. 
Sengupta, S. K., 321 Marlboro Rd., Brooklyn, N. Y. 
Shapiro, D., 108 Clarke Pl., Bronx, N. Y. 

Simon, W., 820 W. 180 St., New York, N. Y. 
Skarzynski, A. T., I. B. M., New York, N. Y. 
Smalley, R., Arma Corp., Brooklyn, N. Y. 

Spitalny, A., Arma Corp., Brooklyn, N. Y. 

Steele, J. H., 414 West 120th St., New York, N. Y. 
Stern-Montagny, F., R.F.D., Gardiner, N. Y. 
Sulsky, B., 858 East 24th St., Brooklyn, N. Y. 

Viele : (re-election), Vialet Engg. Co., New York, 


Ward, J. H., 50 E. 10th St., New York, N. Y. 
Weinberger, J., 321 Eastern Parkway, Brooklyn, N. Y. 
Weinstein, I., 392 East 158th St., Bronx, N. Y. 

Wolf, F. E., Jr., 1238 College Ave., New York, N. Y. 
Xikes, N., Board of Transportation, New York, N. Y. 
Zettler, S. G., 1518 St. Peters Ave., Bronx, N. Y. 


4. SouTHERN 


Bartlett, A. J., 4003 Delgado, New Orleans, La. 

Bateman, L. J., 200 S. Olympia St., New Orleans, La. 

Bell, J. R., 1868 Princeton Dr., Louisville, Ky. 

Brittain, W. M., (Student), Virginia Military Inst., 
Lextington, Va. 

Brown, C. B. H., Ye (Student), Univ. of Virginia, 
Charlottesville, Va. 

Brown, G. W. C.,, Jr., 1519 Calvert St., Norfolk, Va. 

Bryan, W. A., Jr., 1104 Elizabeth St., Durham, N. CG. 

cata D: A., (Student), Georgia Inst. of Tech., Atlanta, 

a 


Cosentino, A. A., 667 S.W. 1st St., Miami, Fla. 
Courville, E, W., (Student), Louisiana State Univ., 
Baton Rouge, La. 

Fanguy, B. J., Bowman & Bowman Engrs., Greenwood, 
iss. 

Fields, W. S., 112 E. Todd St., Frankfort, Ky. 

Flores, A. H., 2000 6th St. So., Arlington, Va. 

Flournoy, T. F., 100 Hudson Lane, Monroe, La. 

Fueyo, E., Pan American Airways, Inc., Miami, Fla. 

Gee, L. C., 339 So. Telemachus St., New Orleans, La. 

Gibbons, P. R., Tampa Elec. Co., Tampa, Fla. 

Hart, S. R., Jr., 1120—41st St., Birmingham, Ala. 

Hennan, R. J., 2348 Iroquois St., Baton Rouge, La. 

Henry, J. H., 103 Houston St., Asheville, N. C. 

Hero, G. A., III, General Elec. Co., Gretna, La. 

Hicks, R. B., Jr., Montevallo, Ala. 

pares L. L., Esso Standard Oil Co. of N. J., Baton Rouge, 
a 


Holladay, G. R., 336 Stonewall St., McKenzie, Tenn. 
lene, H. T., Jr., Holland & Gates, Inc., Jackson, 
iss. 


Hudson, J. T., 2343 Byrnes Drive, Columbia, S. C. 

Huffman, R. E., TVA, Chattanooga, Tenn. 

pues R. N., Virginia Elec. & Power Co., Norfolk, 
a. 

pene, W.E., Jr., 442 Lexington Ave., Charlottesville, 


a. 
[nsalaco, S. R., Florida Power & Light Co., Miami, 
Fla. 
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A rag W. H., Route #1, Germanton, N. C. 

ey, G. T., III, G. T. Key Co., Montgomery, Ala. 

Knight, W. C., Alabama Power Co., Birmingham, Ala. 

Knight, T. G., Hasting’s Instr. Co., Hampton, Va. 

Kopelson, S., National Advisory Comm. for Aero- 
nautics, Langley Air Force Base, Va. 

Lewis, M. H., Ky. Utilities Co., Pineville, Ky. 

Long, A. A., Box 4658, Va. Tech. Station, Blacksburg, 
V. 


a. 
Martin, G. W., Route #1, Jobnion City, Tenn. 
Mauney, S. D., Jr., 426 S. Main Ave., Newton, N. C. 
McDougal, T. A., Memphis Light, Gas & Water Div., 
Memphis, Tenn. 
Nasa ae R. W., Florida Power & Light, Ft. Pierce, 
la. 


Overstreet, R. J., Reliance Elec. & Engg. Co., Green- 
ville, S. C. 

Parker, J. W., Jr., Virginia Elec. & Power Co., Rich- 
mond, Va. 

Pass, J. H., Box 1686, Auburn, Ala. 

Peterson, W. A., Carolina Power & Light Co., Raleigh, 
N.C 


Scharla-Nielsen, H., Univ. of Florida, Gainesville, Fla. 

Schaumberg, W. H., Joseph E. Seagram & Sons, Inc., 
Louisville, Ky. 

Schroeder, G. C., Jr., 826 Independence St., New Or- 
leans, La. 

Scott, J. E., Box 6168 University Station, Baton Rouge, 
L. 


a. 

Shields, J. G., Ebasco Services, Inc., Jackson, Miss. 
Short, F. W., Hunter Elec. Co., Charlotte, N. C. 
Smith, J. W., 1811 Grandin Rd., Roanoke, Va. 

Smith, L. R., Route 5, Russellville, Ala. 

Stevens, N. G., Jr., Alabama Power Co., Montevallo, 


as 

Stock, P. J., Jr., 718 Scott Ave., Pikeville, Ky. 

Styers, J. D., Jr., 107 Thomas St., Gastonia, N. C. 

Swindoll, R. E., United Gas Corp., Jackson, Miss. 

es T. E., (Student), Vanderbilt Uniy., Nashville, 
enn. 

vie E. M., 6334 University Walk, Baton Rouge, 


a. 
Warnock, C. F., (Student), Univ. of Florida, Gainesville, 
Fla 


Whitsett, W. L., 604 South Boylan Ave., Raleigh, N. C. 

Williams, J. S., IV, Mississippi State College, State 
College, Miss. 

Wright, M. I., TVA, Chattanooga, Tenn. 

Wulff, W. K., Newport News Shipbldg. & Dry Dock 
Co., Newport News, Va. 

Yielding, W. E., 215 W. Irvine Ave., Florence, Ala. 

Yucius, G. P., Route #3, Orlando, Fla. 


5. Great Lakes 


Anderson, R. J., 3215—22nd Ave. So., Minneapolis, 
Minn. 

Anderson, R. L., R.R. $2, Sioux Falls, S. D. 

Asker, D. D., 1019 11th St. N., Fargo, N. D. 

Augustine, J. J., 4313 Oak St., Calumet, Mich. 

Balogh, K. F., Town of Lake Engg. Dept., Town of 
Lake, Wis. 

Barron, F. J., 6124 Rohns, Detroit, Mich. 

Beck, R. W., R.R. #3, Decatur, II. 

Bellino, J. A., 3720 W. Ferdinand St., Chicago, Ill. 

Benning, G. L., 522 Madison St., Ft. Wayne, Ind. 

Berning, L. F., Indiana & Michigan Elec. Co., Ft. 
Wayne, Ind. 

Bickel, R. C., 221 E. 76th St., Chicago, Ill. 

Bogdan, R. R., 3946 W. 56th Pl., Chicago, Ill. 

Bowman, D. S., Carborundum Co., Chicago, III. 

Braun, J. J., 1213 S. 88th St., West Allis, Wis. 

Bridger, B., Jr., General Elec. Co., Ft. Wayne, Ind. 

Brock, N. R., R.R. $1, Salem, Ind. 

Brynes, T. R., 7819 S. Hermitage, Chicago, III. 

Chubb, ie A., Abrams Instrument & Survey, Lansing, 


ich, 
Clark, W. J., Detroit Edison Co., Detroit, Mich. 
Courture, P. J., Christmas Lake, Excelsior, Minn. 
Delker, A. G., Jr., Joseph E, Seagram & Sons, Inc., 
Lawrenceburg, Ind. 
Doser, W. G., (Student), Milwaukee School of Engg., 
Milwaukee, Wis. 
Dunlevy, R. D., Box 63, Henryville, Ind. 
Dyson, J. D., Barracks 181, Brookings, S. D. 
Hecke s te H., Allis-Chalmers Mfg. Co., Milwaukee, 
is. 
Edwards, G. H., Jr., Davis Mfg. Co., Plano, Il. 
Fahley, W. A., 2934 W. 102nd St., Minneapolis, Minn. 
Herts. J., (Student), Univ. of Minn., Minneapolis, 


inn. 
Frakes, R. F., Goldfield, Iowa 
Frye, J. F., Illinois Power Co., Galesburg, Ill. 
Girton, P. E., Kirkhof Elec. Co., Grand Rapids, Mich. 
Griffith, H. W., Jr., Sangamo Elec. Co., Springfield, Ill. 
Gruenholz, J. F., 618 3rd Ave., Terre Haute, Ind. 
Haase, J. A., South Bend Elec., South Bend, Ind. 
Hatha): M. E., 301 W. Main St., N. Manchester, 


nd. 
Hedgecock, D. M., 7220 Lozier Ave., Van Dyke, Mich. 
Hegarty, J. M., 4021 Ridge Ave., Sioux City, Ia. 
Hermsen, EJ Route 2, Carroll, Iowa 
Higley, K., Oliver Iron Mining Co., Duluth, Minn. 
Hinich, D. E., 2558 So. 4th St., Milwaukee, Wis. 
Holaday: D. M., Wisconsin Elec. Power Co., Milwaukee, 

is. . 


Horner, R. H., F. W. Wakefield, Evanston, III. 

Houmes, J. W., 1108 N. 12th St., Sheboygan, Wis. 

Jones, N. H., 2600 Eastwood Ave., Evanston, Ill. 

Kanervo, H. I., Western United Gas & Elec. Co., 
Aurora, II. 

Kay, O. F., Electro-Motive Div., General Motors Corp., 
La Grange, II. 

Kelley, H. L., The Louis Allis Co., Milwaukee, Wis. 

Kelley, W. J., 312 S. State St., Champaign, III. 

Kipp, R. R., General Motors, La Grange, Ill. 

Klingelhoet, S. G., King Midas Flour Mills, Minne- 
apolis, Minn. 

Knabach, W. E., Harrisburg, S. D. 


Institute Activities 


ee K. V., Allis-Chalmers Mfg. Co., West Allis, 


is. 

Koerner, N. G., (Student), Milwaukee School of Engg., 
Milwaukee, Wis. 

Kolar, R. F., 1606 Elwood Ave., South Bend, Ind. 

Kuba, R. E., Wayne Univ., Detroit, Mich. 

Kuchar, R. J., Grand Forks, N. D. 

Kuhn, F. W., 255 Lake Shore Dr., Grosse Pointe Farms, 
Mich. 

Kulcinski, S. W., 117 E. Washington, Springfield, Ill. 

LaPointe, E. D., Jr., (Student), Univ. of Minnesota, 
Mineapolis, Minn. 

Loyay P. F., Jr., Allis Chalmers Mfg. Co., Milwaukee, 


is. 
Lusk, G. E., N. Highland Ave., Downers Grove, III. 
Luy, W. J., 5619 N. 36th St., Milwaukee, Wis. 

Lyons, T. P., 2604 N. Newcastle Ave., Chicago, Ill. 
arlowe, R. H., 35 Cayuga Ave., Lake Orion, Mich. 
Marmorstone, R. J., Chicago Transit Authority, Chicago, 

ll. 


May, M. M., 1209 Springfield Ct., Willow Run Village, 
ich 


Mich. 

McCloskey, L. D., 1305 W. Clark St., Urbana, II. 

McElroy, W. J., Minneapolis Honeywell Regulator Co. 
Minneapolis, Minn. 

McHattie, E. E., R.F.D., Newport, Minn. 

Miller, L. J., Purdue Univ., W. Lafayette, Ind. 

Morris, R. D., Redmond Co., Inc., Owosso, Mich. 

Moses, D., 709—7th St., Bay City, Mich. 

Murphy, G. J., (Student), Milwaukee School of Engg., 
Milwaukee, Wis. 

Nordyke, H. W., Jr., Purdue Univ., W. Lafayette, Ind. 

Olson, R. E., 48A, Badger, Wis. 

Palada, J., (Student), Milwaukee School of Engg., 
Milwaukee, Wis. 

Panec, G. A., 4201 N. Marmora Ave., Chicago, IIl. 

Pepke, E. B., Minneapolis Honeywell Regulator Co., 
Detroit, Mich. 

Peterson, J. A., 1506 Arthur Ave., Des Moines, Ia. 

Plew, H. W., 1411 N. 7th St., Terre Haute, Ind. 

Porter, H. M., Westinghouse Elec. Corp., Chicago, Ill. 

Priban, M. L., Cline Elec. Mfg. Co., Chicago, Ill. 

Prucha, M. } she 702 W. Nevada St., Urbana, Ill. 

Randall, J. F., Ford Motor Co., Dearborn, Mich. 

Rice, F. S., Jr., 3331 E. 1st St., Duluth, Minn. 


Robinette, R. M., A. C. Spark Plug, Flint, Mich. 
Salvail, L. H., (Student), Univ. of Minnesota, Minneap- 
olis, Minn. 


Schaller, I. D., 825 Pammel Ct., Ames, Lowa _ 
Scheer, D., A. C. Spark Plug Div. GMC, Milwaukee, 
Wi 


is. 

Schmitt, N., c/o A. D. Severyn, Vivian, S. D. 

Schmidt, E. F., Northwestern Public Service Co., Huron, 
Ss. D 


Seline, H. P., 1405 Center St., Racine, Wis. 

Sessum, J. W., (Student), Milwaukee School of Engg. 
Milwaukee, Wis. . 

Sharp. R. L., Wisconsin Elec. Power Co., Milwaukee 


is. 

Sheetz, K. R., 1804 So. 7th Street, Terre Haute, Ind. 

Sherman, E. S., Inland Steel Co., E. Chicago, Ind. 

Sieron, E. M., (Student), Milwaukee School of Engg., 
Milwaukee, Wis. : 

Smith, F. E., Jr., Barber-Colman Co., Chicago, Ill. 

Smith, L. L., Jr., 440 Mitchell Ave., Elmhurst, Il. 

Smith, M. E., 407—2nd St., Stambaugh, Mich. — 

Todd, C. D., Gonsumers Power Co., Jackson, Mich. — 

Tolk, W. E., (Student), Univ. of Wisconsin, Athens, Wis. 

Toulouse, O. J., 701 Pammel Court, Ames, Iowa 

Trebing, R. T., Cary, Ill. 

Van Effen, W. J., 1319 Stephenson Ave., Escanaba, 
Mich. 

Victora, R. R., Illinois Bell Tel. Co., Chicago, Ill. 

Vojta, F. J., 3954—42nd Ave. So., Minneapolis, Minn. 

Visk, R. D., 103 University St., W. Lafayette, Ind. 

Volbrecht, R. E., 1327 N. 19 St., Milwaukee, Wis. 

Wagoner, W. W., FPHA Apt. 304-2, W. State St., W. 
Lafayette, Ind. 

Webb, M. I., (Student), Milwaukee School of Engg., 
Milwaukee, Wis. 

Wershing, R. J., Box 23, Paragon, Ind. ; 

Wheeless, C. A., A.C. Spark Plug Div. GMC, Milwau- 
kee, Wis. 

Whitman, R. E., (Student), Milwaukee School of Engg., 
Milwaukee, Wis. 

Willrodt, M. J., 407 Eighth St., Brookings, S. D. 

Wolfe, C. L., 1257 Illinois Ave., E. St. Louis, Ill. 

Wolfe, R. L., Commonwealth Edison Co., Chicago, Ill. 

Wolff, R. E., S & C Elec. Co., Chicago, Ill. : 

Wollan, S. A., 733 Quincy St. N. E., Minneapolis, 
Minn. 

Wulfmeyer, J. A., Emerson Elec. Mfg. Co., Washington 
Park, Ill. : 

Zanella, V. J., 1202 Cloverland Dr., Ironwood, Mich. 

Zavitz, E., The Detroit Edison Co., Detroit, Mich. 


6. Norru CenTRAL 


Allen, D. E., Rural Route One, Fremont, Nebr. 

Brown, D. L., Omaha Public Power Dist., Omaha, Nebr. 

Butler, E. R., 2854 Davenport St., Omaha, Nebr. 

Cleary, E. F., 1901 S. Garfield, Denver, Colo. 

Coffman, W. T., Public Service Co. of Colo., Denver, 
Colo. 

Demuth, H. B., 1027—14th St., Boulder, Colo. 

Easterly, V. L., 2295 S. Marion, Denver, Colo. 

Fennelly, R. H., 1585 S. Grant, Denver, Colo. 

Finlayson, V. A., (re-election), U. S. Bureau of Reclama- 
tion, Denver, Colo. ; 

Finnell, C. D., 1293 No. Sherwood St., Ft. Collins, 
Colo. 

Fox, E. W., 1100 N, 7th St., Beatrice, Nebr. 

Frederick, D. L., Dumont, Colo. 

Huster, G. B., 1157—13th St., Boulder, Colo. 

Huster, L. W., 1157—13th St., Boulder, Colo. 

Kalandyk, J. L., 1827 Grove, Boulder, Colo. te. 

Kettler, A. T., Consumer’s Public Power District, 
O’ Neill, Nebr. 
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Klein, E. F., 1028 Pleasant St., Boulder, Colo. 
Lairmore, W. J., (Student), Univ. of Wyoming, Laramie, 


yo. 

Lazure, C, E., 3047 California St., Omaha, Nebr. 

laa = A., Nebraska Public Power System, Lincoln, 
ebr. 

Rider, C. L., Route 4, Longmont, Colo. 

Shilling, D. R., Fort Washakie, Wyo. 

Sinton, W. G., Box 70, Colorado Springs, Colo. 

mia H., Mountain States Tel. & Tel. Go., Denver, 
‘olo. 

iY or, M. M., 4545 W. Colfax Ave., Denver, Colo, 

ae z J., U. S. Bureau of Reclamation, Denver, 

‘olo. 

Wride, E. K., 124 E. 11th St., Loveland, Colo. 


7. Sourn West 


Acevedo, T. R., Industrial Electrica, S. A., Mexico, 
D. F., Mex. 

Allred, D. C., Glenwood, N. M. 

pagers W. R., Alfalfa Elec. Cooper, Inc., Cherokee, 

a. 

Baldwin, M. S., Washington Univ., St. Louis, Mo. 

Beach, L. C., 33 Green Acres, Rolla, Mo. 

Bell, E. M., 622 N. 7th St., Columbia, Mo. 

Beltran, A., 514 So. Park St., El Paso, Tex. 

Billups, E. F., 1018 Hawaii Ave., Alamogordo, N. M. 

Blankenmeister, E. G., 6535 Devonshire, St. Louis, 


Mo. 
Brandes, R. E., Emerson Elec. Mfg. Co., St. Louis, Mo. 
Brown, R. E., City Public Serv. Bd., San Antonio, Tex. 
Brumbaugh, J. A., Jr., 212 E. Carlton, Pittsburg, Kans. 
Carruth, H. B., Southwestern Gas & Elec. Co., De 
Queen, Ark. 
Chapman, C. W., 3115 Norhill, Houston, Tex. 
Clooney, L. P., Southwestern Bell Tel. Co., Houston, 
‘ex. 
Connell, J. B., 6009 Westminster, St. Louis, Mo. 
Costley, L. J., Union Elec. Co. of Mo., St. Louis, Mo. 
Crick, P. A., Trumbull Elec. Mfg. Co., Dallas, Tex. 
Cunningham, L. C., Celanese Corp. of America, Bishop, 


ex. 

Cunningham, W. D., Southwestern Public Service Co., 
Plainview, Tex. 

Delahunt, J. E., Union Elec. Co. of Mo., St. Louis, Mo. 

Delaney, H. R., Bolivar, Mo. 

et D. H., Kiamichi Elec. Corp., Wilburton, 

as 

Duke, J. W., Union Elec. Co., St. Louis, Mo. 

Faulk, E, E., 412 N. 6th St., Independence, Kans. 

Finnell, J. B., 103—3rd Ave., Columbia, Mo. 

Foster, M. D., Box 727, Victoria, Tex. 

Furfine, A. L., 1392 Blackstone Ave., St. Louis, Mo. 

Gentry, B. F., 2511 Locust St., Texarkana, Ark. 

Gibson, E. G., Route #2, Mingus, Tex. 

Goldman, L. J., 5617a Maple, St. Louis, Mo. 

Goth, C. W., Vickers Elec. Div., St. Louis, Mo. 

Green, P. M., Magnolia Research Labs., Dallas, Tex. 

Hamilton, A. L., Jr., Oklahoma Gas & Elec. ,Co., 
Oklahoma City, Okla. 

Hartig, R. N., 4948 McPherson, St. Louis, Mo. 

Hoopes, J. E., Kansas City Power & Light Co., Kansas 
City, Mo. 

Irish, L. B., Box 196, Joaquin, Tex. 

Jacobs, V. J., 328 W. 12th St., Hays, Kans. 

Johnson, J. A., 418 N. 5th, Manhattan, Kans. 

Kincheloe, W. A., Sunervend Corv., Dallas, Tex. 

Krummenacher, V. H., Vickers Elec. Div., St. Louis, 


oO. 

Lambert, A. V., Black & Veatch, Kansas City, Mo. 

Lanier, I. D., 624 Vattier, Manhattan, Kans. 

Lee, C. J., Texas Tech. College, Lubbock, Tex. 

Lindsey, J. W., 5807 Belmont, Dallas, Tex. 

Lykins, G. E., 1717 State St., Houston, Tex. 

Mallett, C. B., Jr., Southwestern Public Service Co., 
Amarillo, Tex. 

Martin, R. L., (Student), Missouri School of Mines, 
Rolla, Mo. 

Mayes, Jr., W. W., Route 5, Lubbock, Tex. 

McGinness, F. E., Texas Elec. Service Co., Wichita 
Falls, Tex. 

McGonigle, G. L., P. O. Box 330, Brownsville, Tex. 

McGuire, C. H., Jr., Univ. of Oklahoma, Norman, 


a. 
pAb asa 4 R. J., 5557 Chamberlain Ave., St. Louis, 


oO. 

Meador, R. G., Box 707, College Station, Tex. 

Minshew, C., Jr., Southwestern Public Service Co., 
Dallas, Tex. 

Munoz Pedroza, G., Cia Impulsora de Empresas Elec- 
tricas, Mexico, D. F. 

Naudain, W. A., (re-election), Southern College of 
Commerce, Inc., Dallas, Tex 

Nelsen, D. A., D.S.R., El Campo, Tex. 

Noriega Devesa, L. M., Mexican Light & Power Co., 
Mexico, D. F. 

One, = C., Industria Electrica de Mexico, Mexico, 


Radue, P. F., American Tel. & Tel. Co., St. Louis, Mo. 
Roomy, J. E., General! Electric Co., St. Louis, Mo. 
Ruiz Barreto, J. B., Av. Baja California #381 Dept. 2, 
Mexico, D.F. 
Runtz, J. L., 5301R So. Broadway, St. Louis, Mo. 
Sanderson, T. P., 2100 Rio Grande, Austin, Tex. 
Schaefer, E. L., 315 N. 11th, Albuquerque, N. M. 
eager H. L., Monsanto Chemical Co., St. Louis, 


oO. 

Siegel, I., 5845 DeGiverville, St. Louis, Mo. 

Smith, J. R., Box 5148, College Station, Tex. 

Smith, W. J., Texas Elec. Service Co., Box 970, Ft. 

Worth, Tex. 

Soto, A., 1112 No. Ange St., El Paso, Tex. 

Seadlooires J. F., Mines Equipment Co., St. Louis, 
oO. 


Tucker, G. W., Southwestern Gas & Elec. Co., Long- 
view, Tex. 

Vordtriede, O. A., 4444a Forest Park Ave., St. Louis, 
Mo. 
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Washam, O. H., Oklahoma Gas & Elec. Co., Oklahoma 
City, Okla. 

Wearden, P. L., Box 373, Wharton, Tex. 

Wettig, C. O., 3908 Connecticut St., St. Louis, Mo. 

Young, R. W., 149 Mercer St., Ponca City, Okla. 

Youngblood, J. P., Southwestern Bell Tel. Co., Little 
Rock, Ark. 

Ziha, E. J., Jr., 4038 Camelia Ave., St. Louis, Mo. 


8. Paciric 


Abjornson, C. A., Richmond Terrace, Richmond, Calif, 

Aer I: C., Geo. F. Hartman Engg. Co., Los Angeles, 
alif. 

ae W., Jr., 1845 Shuey Ave., Walnut Creek, 


alif. 

Caldwell, J. B., Stanley B. Hare Co., Los Angeles, Calif. 

Campett, B. J., 3206 W. 60th St., Los Angeles, Calif. 

Chatigny, M. A., Naval Medical Research Unit No. 1, 

Univ. of Calif., Berkeley, Calif. 

Clark, R. E., I. B. M. Inc., San Francisco, Calif. 

Clock, D. P., 2110 W. 92nd St., Los Angeles, Calif. 

Corbella, W. J., The Pacific Tel. & Tel. Co., San Fran- 

cisco, Calif. 

Craig, L. J., 2531 Regent St., Berkeley, Calif. 

Cosenton, A. M., Jr., 2702 E. McDowell, Phoenix, 
riz. 

Fuller, H. T., Airsupply Co., Los Angeles, Calif. 

Gates, E. A., 5415 Mt. View, Riverside, Calif. 

Gore, M. R., 136 N. Irving Blvd., Los Angeles, Calif. 

Gotuaco, M. R., International House, Berkeley, Calif. 

Hakala, P. E., 3915 Quarry Rd., La Mesa, Calif. 

Hage M., 1624 N. Alexandria Ave., Hollywood, 
alif. 

Harris, E. R., 40 West Louise St., Long Beach, Calif. 

Hart, J. G., Jr., California Elec. Power Co., Riverside, 

lif 


alif. 

Henschke, R. A., 3921 Woodruff Ave., Oakland, Calif. 

Johnson, C. H., California Elec. Co., Riverside, Calif. 

Kappel, T. J., 1822 W. 65th St., Los Angeles, Calif. 

Keezer, D. C., 1011 Ninth St., Richmond, Calif. 

Kiser, K. W., 31 Pilgrim Ave., San Francisco, Calif. 

Larson, J. C., Box 725, McGill, Nev. 

Lauerman, E, J., Salt River Valley Water Users’ Assn., 
Phoenix, Ariz. 

Leong, P. C., Pacific Fire Rating Bureau, San Francisco, 
Calif. 

Mandler, C. H., 1200—17th Ave., San Francisco, Calif. 

McLain, A. R., 1644 Bridge St., Oroville, Calif. 

McPhate, J. A., 1402 No. San Gabriel Blvd., San Gabriel, 
Calif. 

McQueen, A. H., Pacific Elec. Mfg. Corp., San Jose, 
Calif. 

Messer, S., 3931 Fall Ave., Richmond, Calif. 

Mitra, D. N., Old Dorm, Calif. Inst. of Tech., Pasadena, 
Calif. 

Mulkey, R. H., Bureau of Reclamation, Phoenix, Ariz. 

Neal, C. B., 4714 W. San Carlos St., San Jose, Calif. 

Peterson, W. D., 1826 Brooklyn Ave., Los Angeles, Calif. 

Redlin, C. A., 147 No. Bradbury Dr., San Gabriel, 
Calif. 

Rose, T. A., 2320 Montrose Ave., Montrose, Calif. 

Ross, E. C., Allis Chalmers Mfg. Co., Los Angeles, Calif. 

Schneider, F. C., 162 N. Sierra Madre Blvd., Pasadena, 
Calif. 

Shepperd, R. R., 1323 Martin Ave., San Jose, Calif. 

Stein, C. K., 59823} Guthrie Ave., Los Angeles, Calif. 

Stiles, W. G., Stone & Webster Engg. Corp., Redondo 
Beach, Calif. i 

Takemura, H. S., 804 Lincoln Ave., Pasadena, Calif. 

Thal-Larsen, H., Bethlehem Steel Co., San Francisco, 
Calif. 

Uhl, H. R., Pacific Elec. Mfg. Corp., San Francisco, 

if 


Calif. 

Walker, E. M., 1908 South Curson Ave., Los Angeles, 
Calif. 

Yates, C. T., Jr., Central Arizona Light & Power 
Co., Phoenix, Ariz. 


9. Nortru West 


Anderson, M. W., Seattle City Light, Seattle, Wash. 
Atkin, H. E., 1854 Redondo Ave., Salt Lake City, Utah 
Bartu, A. S., Delta Chi Fraternity, Corvallis, Oreg. 
Berdan, F. E., 1402 West 61st St., Seattle, Wash. 

Berg, J. C., B. A. Travis, Seattle, Wash. 

Bloodworth, J. L., 120—3rd St., Idaho Falls, Idaho 
Bruck, R. H., 2822 N. E. 50th Ave., Portland, Oreg. 
Bullock, D. L., 11415 NE 87 St., Kirkland, Wash. 
Christensen, H. E., 430 12th Ave., Salt Lake City, Utah 
Cockeram, D. J., R.F.D. #1, Oakland, Oreg. 

Cole, N. E., Jr., Bonneville Power Admin., Portland, 


Oreg. 
Cox, D. R, 1829 N.W. Lovejoy, Portland, Oreg. 
Dressler, A. F., 8943-A S.W. 26th Ave., Portland, Oreg. 
Ean, W. L., Fairbanks, Morse, & Co., Portland, Oreg. 
Erwin, E. V., 4334 11th NE, Seattle, Wash. 
Farr, R. F., 540 8th St., Ogden, Utah 
Foster, W. G., Box 395 Route 1, Corvallis, Oreg. 
George, L. E., 215 South 14th St., Salem, Oreg. 
Hawes, D. J., Westinghouse Elec. Corp., Portland, 
Oreg. 
rSdper ME A., Pullman Appliance, Pullman, Wash. 
Horton, L. S., Mountain States Power Co., Albany, 
Oreg. 
ionkiisca, D. L., 1816 NE 12th Ave., Portland, Oreg. 
Johnson, L. W., Boeing Airplane Co., Seattle, Wash. 
ohnson, R. L., Route 3 Box 202, Corvallis, Oreg. 
oer V.R., 4105 13th Ave. South, Seattle, Wash. 
Kessler, V. C., Boeing Airplane Co., Seattle, Wash. 
Lemman, R. L., Allis-Chalmers Mfg. Co., Seattle, Wash. 
Lynch, J. N., Bonneville Power Admin., Portland, Oreg. 
artin, D. E., 403 N. 12., Corvallis, Oreg. 
Matthews, M. M., 659 Jefferson, Corvallis, Oreg. 
McKeown, W. G., Montana Power Co., Great: Falls, 
Mont. 
Mitchell, E. L., 1410 Boylston, Seattle, Wash. 
Moore, D. D., 2104 East 45th, Seattle, Wash. 


Institute Activities 


Mulcock, W. F., 1265 Bryan Ave., Salt Lake City, Utah 

Nado, LJ.» Corps of Army Engrs., Walla Walla, Wash. 

Pace; BaD rs, Socing Airplane Co., Seattle, Wash, 

Pyfer, D. H., Montana Power Co., Bozeman, Mont. 

Roark, C. S., Box 114, Libby, Mont. 

Rogers, T., Fillmore, Utah 

ued S A., (Student), Univ. of Utah, Salt Lake City, 
ta 

Be et fe W., Newhalem Engg. Office, Rockport, 


ash. 

Schmidt, R. W., 420 E. 12th St., The Dalles, Oreg. 

Sethre, V. C., Bonneville Power Admin., Portland, Oreg. 

Smith, R. R., Factory Insurance Assn., Seattle, Wash. 

Tobin, T. H., U. S. Bureau of Reclamation, Coulee 
Dam, Wash. 

Wilkins, A. P., Route 1, Box 153C, Vancouver, Wash. 


10. CaNnaDa 


Bickerdike, C. G., Shawinigan Water & Power Co., 
Montreal, Que., Canada 

Cooper, I. S., 18 McGee St., Ottawa, Ont., Canada 

Dawson, G. P., Canadian Research & Development 
Est., Ottawa, Ont., Canada 

Desjardins, R., Hydro-Quebec, Montreal, Que., Canada 

Dickinson, J. G., Northern Elec. Co. Ltd., Montreal, 
Que., Canada 

Earle, A. P., Jr., Shawinigan Water & Power Co., 
Montreal, Que., Canada 

Fromm, W. F., 116 Sheridan Ave., Toronto, Ont., 
Canada 

Gaudette, G. M., Sylvania Electric (Canada) Ltd., 
Drummondville, Que., Canada 

Goldberg, D., Canadian Comstock Co. Ltd., F. C. D., 
St. Catherines, Ont., Canada 

Handel, R. D., Hydro Elec. Power Comm., Toronto, 
Ont., Canada 

Harris, A. J., Hydro Elec. Power Comm., Toronto, 
Ont., Canada 

Howchin, E. R., General Elec. Co., Peterborough, Ont., 
Canada 

Hucaluk, F. K., 1361 Langlois Ave., Windsor, Ont., 
Canada 

Jowett, J. R., Commonwealth Elec. Corp. Ltd., Welland, 
Ont., Canada 

Kuzniar, E., International Nickel Co. of Canada, Ltd., 
Copper Cliff, Ont., Canada 

Louttit, C. C., Aluminum Co. of Canada, Ltd., Mon- 
treal, Que., Canada 

McCarter, R. B., Canadian General Elec. Co., Daven- 
port Works, Toronto, Ont., Canada 

Mendel, A. H., Mendel & Brasloff, Montreal, Que., 
Canada 

Merritt, R. D. V., Langley Mfg. Co., Ltd., Vancouver, 
B. C., Canada 

Michael, E. S., c/o Canadian Comstock Co. F.C.D., 
St. Catherines, Ont., Canada 

Milburn, J. V., 2371 Hamiota St., Victoria, B. C., 


Canada 

Miller, V. R., Calgary Power Ltd., Calgary, Alberta, 
Canada 

Milne, E. J., Canadian General Elec. Co., Toronto, 
Ont., Canada 


Milovick, M., Admiralty House, HMCS Stadacona, 
Halifax, N. S., Canada 

Modwel, B. P., Hydro Elec. Power Comm. of Ont., 
Toronto, Ont., Canada 

Moulds, J. H., Canadian Patent Office, Ottawa, Ont., 
Canada 

Paine, F. E., Ford Motor Co., Windsor, Ont., Canada 

Palser, G. D., Canadian General Elec. Co., Toronto, 
Ont., Canada 

Penman, M. D., British Columbia Tel. Co., Vancouver, 
B. C., Canada : 

Squires, F. M., Ferranti Elec., Mount Dennis, Ont., 
Canada 

Stowe, G. F., Hydro Elec. Power Comm., Ottawa, Ont., 
Canada 

Stuckey, L. R., Groundbirch, B. C., Canada ; . 

Taylor, J. D., British Columbia Power Comm., Victoria, 


B. C., Canada 
Trussler, R. S., 9977 Jasper Ave., Edmonton, Alberta, 
Canada 


Turland, D. J., Canadian General Elec. Co., Peter- 
borough, Ont., Canada 

Weskett, D. A., Hydro Elec. Power Comm. of Ont., 
Ont., Canada 

Wilde, C. A. T., Amalgamated Elec. Corp., Toronto, 
Ont., Canada 

Yates, R. A., General Elec. Co., Peterborough, Ont. 
Canada 


Elsewhere 


Ghar, J. S., Ibcon Ltd., Bombay, India : 

Hongskul, M., Directorate of Air Engg., Bangkok, Thai- 
land 

Kamal, A. K., Indian Inst. of Science, Bangalore, India 

Kar, M. M., College of Engg. & Tech., Calcutta, India 

Kayal, P. K., c/o Brook Motors Ltd., Huddersfield, 
England 


~ Krishnaswami, N., Bombay Port Trust, Fort, Bombay, 


India ; 
Mews EL Y., Hawaiian Elec. Co., Honolulu, Hawaii 
Nagi, P. S., P. W. D. Elec. Branch, Karnal, E. Punjab, 

India 
Persson, T. V., South Swedish Power Co., Malmo, 

Sweden 
Ramamurthi, G. K., The Crompton Engg. Co. (Madras) 

Ltd., Madras, South India 
Roy-Bardhon, D. N., College of Engg. & Tech., Calcutta 

India 
VanEck, G. W., Royal Dutch Shell Co., Curacao, 

Netherland, West Indies 


Total to grade of Associate 


United States, Canada and Mexico, 709 
Elsewhere, 12 
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OF CURRENT 


1,857 Attend Annual ASTM Meeting; 
Morrow New Head; 4 Awards Made 


At the 22 formal technical sessions ‘and 
the several informal sessions and round-table 
discussions held during the 1949 annual 
meeting of the American Society for Testing 
Materials in Atlantic City, N. J., early last 
summer, upward of 185 papers and reports 
were presented. This was the 52d annual 
meeting of the society. The total registra- 
tion, 1,857, was the second highest in the 
society’s history, being exceeded only by 
the 1944 New York meeting. 

One medal and three awards were pre- 
sented at the meeting. The Charles B. 
Dudley Medal, awarded to the author or 
authors of an outstanding paper on research 
and engineering materials, was presented to 
six men: W. W. Buechner, R. J. Van de 
Graaff, H. Feshbach, A. Sperduto, on the 
staff of Massachusetts Institute of Tech- 
nology (MIT), Cambridge, Mass.; and 
E. A. Burrill and L. R. McIntosh, formerly 
on the staff of MIT, now with High Voltage 
Engineering Corporation, Cambridge, Mass., 
for their paper on “‘An Investigation of 
Radiography in the Range From 0.5 to 2.5 
Million Volts.” 

The Richard L. Templin Award, pre- 
sented to the author of a noteworthy paper 
on new and useful testing procedures and 
apparatus, was given to W. T. Lankford, 
Research Associate, Research and Tech- 
nology Department, Carnegie-Illinois Steel 
Corporation, Pittsburgh, Pa., for his paper 
on ‘“‘Hydraulic Bulge Testing of Sheet 
Metals.”’ 

The Sanford E. Thompson Award, given 
in recognition of a paper of outstanding 
merit on concrete and concrete aggregates, 
was given to R. C. Mielenz and L. P. Witte, 
Head of Petrographic Laboratory and 
Durability Unit Materials Laboratories, 


respectively, Bureau of Reclamation, United 
States Department of the Interior, Denver, 
Colo., for their paper on ‘‘Tests Used by 
the Bureau of Reclamation for Identifying 
Reactive Concrete Aggregates.” 

The first Sam Tour Award, to encourage 
improvement of corrosion testing methods, 
was given to V. M. Darsey and W. R. 
Cavanagh, President and Research Chemist, 
respectively, Parker Rust Proof Company, 
Detroit, Mich., for their paper on ‘‘Appara- 
tus and Factors in Salt Fog Testing.” 

James G. Morrow, Metallurgical Engineer, 
The Steel Company of Canada, Limited, 
Hamilton, Ontario, was elected President 
for 1949-1950, succeeding R. L. Templin, 
Assistant Director of Research and Chief 
Engineering of Tests, Aluminum Company 
of America, New Kensington, Pa., who 
continues on the Board of Directors as Past- 
President for three years. Frank E. Richart, 
Research Professor of Engineering Materials, 
University of Illinois, Urbana, III., is the new 
Vice-President to serve with the Senior 
Vice-President, L. J. Markwardt, Assistant 
Director, United States Forest Products 
Laboratory, Madison, Wis. 

The new members of the Board of Directors 
are as follows: R. D. Bonney, Assistant 
Manager of Manufacturing, Congoleum- 
Nairn, Kearny, N. J.; C. H. Fellows, Head, 
Chemical Division, Research Department, 
The Detroit (Mich.) Edison Company; 
H. F. Gonnerman, Assistant to Vice-Presi- 
dent for Research and Development, Port- 


land Cement Association, Chicago, IIl.; 
N. L. Mochel, Manager, Metallurgical 
Engineering, Westinghouse Electric Cor- 
poration, Philadelphia, Pa.; and M. O. 


Withey, Dean of Engineering, University of 
Wisconsin, Madison, Wis. 


Building Dedicated to Memory of Carpenter 
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a The Mechanic Arts 
: Building at the 
State College of 
Washington, Pull- 
man, will be re- 
named the H. V. 
Carpenter Build- 
ing next October 
22 in honor of the 
former Dean of the 
College of Engi- 
neering, who 
served in that post 
from 1917 until! 
his death in 1941. 
See biography of 
Mr. Carpenter (A 
03, F °18) EE Jan 
‘42, p 49 


Of Current Interest 


INTEREST 


MIT Offers Postgraduate Course 
Leading to ‘‘Engineer” Degree 


A new terminal degree for practicing 
engineers, to be called the “engineer’’ de- 
gree, has been approved at the Massachu- 
setts Institute of Technology (MIT), Cam- 
bridge. The degree of ‘“‘engineer’’ will be 
recommended for students who complete an 
individually planned, 2-year program of 
study and research at the institute beyond 
their undergraduate degrees. Emphasis will 
be placed upon engineering practice rather 
than on the research which is characteristic 
of a program of study leading to a doctor of 
philosophy degree. 

Most master’s degree candidates at MIT 
require slightly more than one year of study 
to complete their work; candidates for the 
degree of ‘engineer,’ will require at least 
two years. This added time will result in 
more thorough training in a wider variety 
of relevant subjects, and also will enable 
students to delve more extensively into such 
fields as industrial economics, business ad- 
ministration, labor relations, and _ inter- 
national affairs, thus improving their under- 
standing of the social implications of the 
work in which they will be engaged. 

When the field of specialization is to be 
indicated, the ‘‘engineer’? degree will be 
referred to as follows: civil engineer, me- 
chanical engineer, metallurgical engineer, 
electrical engineer, chemical engineer, sani- 
tary engineer, marine mechanical engineer, 
naval architect, naval engineer, aeronautica 
engineer, building engineer, and meteorol- 
ogist. 


ECPD Reports on Its Study of 
Engineering-School Curricula 


At a recent meeting of the Executive Com- 
mittee of the Engineers’ Council for Profes- 
sional Development (ECPD), H. T. Heald, 
president of Illinois Institute of Technology 
and chairman of the Committee on Engineer- 
ing Schools of the ECPD, announced that 
106 engineering colleges have been visited 
by inspection committees during the past 
two years. A total of 481 curricula have been 
inspected, including 112 new curricular in- 
spections. It is anticipated that by the end 
of the inspection year, a large share of the 
previously accredited curricula will have 
been reviewed and virtually all new curricula 
for which inspection has been requested will 
have been examined. The Committee on 
Engineering Schools is also studying the 
accreditation of graduate work in engineer- 
ing. 

The Committee on Professional Training, 
headed by A. C. Monteith, vice-president of 
Westinghouse Electric Corporation, is em- 
barking upon a 7-point program, focusing 
attention upon improving the professional 
training in the postgraduation years. ‘This 
program includes: a comprehensive survey 
of postgraduate programs in engineering 
colleges, industry, the government, and engi- 
neering societies; a study of methods of 
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developing community-level programs aimed 
at improving the professional status and 
training of the engineer; an analysis of the 
professional registration of engineers; the 
encouragement of personal appraisal of the 
engineer in relation to his job, his com- 
munity, and the engineering profession; 
a study of orientation and training programs 
in industry, with a view toward disseminating 
information along this line which will aid 
both large and small companies in develop- 
ing suitable programs; the revision of 
selected bibliographies of engineering sub- 
jects; and the preparation of a selected read- 
ing list for young engineers. The latter 
two projects are nearing completion. 


National Telemetering Forum 
Completes First Active Year 


With the topic, ‘Requirements and 
Evaluation of Pickups,”’ the seventh meeting 
of the National Telemetering Forum was 
held at the Bendix Aviation Corporation 
plant, South Bend, Ind., in May 1949. This 
meeting marked the end of the first year of 
activity for the forum which first met, for 
organizational purposes, at Johns Hopkins 
University, Silver Spring, Md., on May 6, 
1948. The meetings are similar, as to 
manner of presenting papers and discussion, 
to AIEE Special Technical Conferences. 

The National Telemetering Forum was 
brought about through the efforts of W. J. 
Mayo-Wells (M44) an engineer with the 
telemetering group at the Applied Physics 
Laboratory of Johns Hopkins University, 
who realized the great need for a suitable 
medium to reduce duplication of effort in 
the interests of national economy and 
security. Preliminary plans were laid when 
a small representative group of telemetering 
men met during the Institute of Radio 
Engineers Convention in March 1948, and 
the first formal meeting was held on May 6. 
From the outset, those invited were purposely 
chosen to represent designers, manufacturers, 
users, and planners interested and actively 
engaged with telemetry. This diversity of 
representation served to stimulate the de- 
velopment of new ideas and to advance the 
art from every angle, and it is intended that 
the forum continue to serve as a source of 
such information, kept completely up to date, 
and always available. 

By the end of 1948 the membership had 
grown to nearly a hundred organizations, 
and thus the following resolutions were 
adopted at the fifth meeting which took 
place November 8-9, 1948, at Waltham, 
Mass. 


1, The name agreed upon for the organization is the 
National Telemetering Forum. 


2. The group will not seek affiliation with any existing 
society or government agency, at least for the time being. 


3. The membership shall be unrestricted. Interested 
organizations are invited to request that their names 
shall be added to the roll, as attendance shall be by 
invitation only. 


4. Each meeting will last a minimum of two days. 


5. Officers to carry out the minimum of essential 
business were elected as follows: Chairman, W. J. Mayo- 
Wells; Vice-Chairman, G. Adams (A’41), Boeing Air- 
craft Company, Seattle, Wash.; Secretary, H. B. Schul- 
theis, Pacific Division, Bendix Aviation Corporation, 
North Hollywood, Calif. 


Representatives of the AIEE met with the 
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Chairman of the forum in New York, N. Y., 
in April 1949 to formulate plans for mutual 
education concerning each group’s work in 
the field of telemetering, and it is expected 
that a joint AIEE/National Telemetering 
Forum Conference will be held sometime in 
the near future on subjects in this field of 
interest to both groups. 


Lance Joins NBS Staff. H.W. Lance has 
been appointed to the staff of the National 
Bureau of Standards, where he will be 
concerned with electronic systems for guided 
missiles in the missile intelligence laboratory 
of the Bureau’s electronics division. Lance 
has conducted research on electronic instru- 
mentation for measurements in nuclear 
physics, antennas and transmission lines for 
use with radar systems, threshold signals 
for radar receivers, and cancellation devices 
for radar moving target indication. He 
was on the staff of the Naval Research 
Laboratory from 1942 until his appointment 
to the National Bureau of Standards. From 
1938 to 1941 he was a graduate assistant in 
physics at Cornell University and in 1942 
was a member of the faculty of Berea College. 


Titus Joins Stanford Research Institute. 
Carl L. Titus has been appointed assistant 
director of Stanford Research Institute, 
Stanford, Calif. Mr. Titus has taken charge 
of Institute development and industrial serv- 
ice. His responsibilities now include the 
broadening of contacts with industry and 
extension of the institute’s public service 
program. Previously, Mr. Titus was on the 
staff of the Armour Research Foundation, 
Chicago, Ill., where he was director of the 
magnetic recorder division, in charge of the 
foreign and domestic licensing program for 
the 35 patents the foundation holds on 
magnetic recording devices. During the 
war, he was with the Office of Scientific 
Research and Development, United States 
Navy. At New London, Conn., he super- 
vised the installation and maintenance of 
sonar equipment for submarine detection 
aboard destroyers and escorts. For ten 
years before his war service, Mr. Titus was 
assistant manager of the radio division of the 
Montgomery Ward Company. 


Felbeck Receives Plastics Award. The 
John Wesley Hyatt Award for distinguished 
achievement in plastics and a $1,000 cash 
prize were presented to Dr. George T. 
Felbeck, vice-president, Carbide and Carbon 
Chemicals Corporation, New York, N. Y., 
at the annual meeting of the Society of the 
Plastics Industry. Dr. Felbeck received the 
award for the engineering developments 
leading to the large-scale manufacture of 
polyethylene resins and plastics. ‘Through 
his work, a plant was created during the war 
which supplied the United States Navy with 
the plastic vitally needed for the radar 
program, The process evolved by Dr. Fel- 
beck for the production of polyethylene con- 
sists fundamentally of the pumping of ethyl- 
ene to a pressure of approximately 30,000 
pounds a square inch, and maintaining it at 
that pressure under controlled temperatures 
for the time necessary for polymerization. 
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Future Meetings of Other Societies 


American Chemical Society. 116th National Meeting. 
September 19-23, 1949, Atlantic City, N. Ae 


American Gas Association. Annual Convention, 
October 17-20, 1949, Palmer House, Morrison Hotel, 
and Sherman Hotel, Chicago, III. 


American Institute of Chemical Engineers. September 
6-9, 1949, Mount Royal Hotel, Montreal, Quebec, 
Canada. November 7-10, 1949, Hotel William Penn, 
Pittsburgh, Pa. 


American Society of Mechanical Engineers. Fall 
meeting, September 28-30, 1949, Erie, Pa. Annual 
meeting, November 27—December 2, 1949, Hotel Statler, 
New York, N. Y. 


American Society for Testing Materials. West Coast 
Meeting. October 10-14, 1949, Fairmount Hotel, San 
Francisco, Calif. 


American Standards Association. Annual Meeting, 
October 11-14, 1949, Waldorf-Astoria Hotel, New York. 
NY: 


Engineers’ Council for Professional Development. 
October 28-29, 1949, Edgewater Beach Hotel, Chicago, 
Ill. 


Exposition of Chemical Industries. November 28- 
December 3, 1949, Grand Central Palace, New York, 
NEY. 


Illuminating Engineering Society. National Technical 
Conference. September 19-23, 1949, French Lick, Ind. 


Instrument Society of America. 
exhibit. September 12-16, 
torium, St. Louis, Mo. 


Annual meeting and 
1949, Municipal Audi- 


International Scientific Radio Union-Institute of Radio 
Engineers. October 31—November 2, 1949, National 
Academy of Sciences and New State Department Build- 
ing, Washington, D. C. 


Iowa Utilities Association Management Conference- 
October 10-11, 1949, Hotel Fort Des Moines, Des 
Moines, Iowa. 


National Conference on Industrial Hydraulics. Fifth 
Annual Meeting. October 26-27, 1949, Sheraton Hotel, 
Chicago, Ill. 


National Electrical Contractors Association. Annual 
Convention, November 7-10, 1949, Rice Hotel, Houston, 
Tex: 


National Electrical Manufacturers Association. No- 
vember 13-18, 1949, Chalfonte-Haddon Hall, Atlantic 
City, N. J. 


National Electronics Conference. September 26-28 
1949, Edgewater Beach Hotel, Chicago, IIl. 


National Safety Congress and Exposition, October 
24-28, 1949, Stevens, Congress, and Morrison Hotels, 
Chicago, Ill. 


National Television and Electrical Living Show. 
Second Annual Meeting. September 30—October 9, 
1949, Chicago Coliseum, Chicago, III. 


Pacific Industrial Conferences-Pacific Chemical 
Exposition. November 1-5, 1949, San Francisco Civic 
Auditorium, San Francisco, Calif. 


Petroleum Electric Power Association. Annual Con- 
ference. November 17-18, 1949, Hotel Beaumont, 
Beaumont, Tex. 


Radio Manufacturers Association-Institute of Radio 
Engineers. 1949 Radio Fall Meeting. November 
1-2, Hotel Syracuse, Syracuse, N. Y. 


Scottish Industries Exhibition. September 1-17, 1949 


Kelvin Hall, Glasgow, Scotland. 


Society of Automotive Engineers. Aeronautic Meeting 
and Aircraft Display. October 5-8, 1949, Biltmore 
Hotel, Los Angeles, Calif. 


Society of Motion Picture Engineers. 66th Semian- 
nual Convention, October 10-14, 1949, Hollywood- 
Roosevelt Hotel, Hollywood, Calif. 


Dr. Felbeck first became associated with the 
Union Carbide and Carbon Corporation in 
1923. Since 1943, he has supervised work in 
three installations which his company oper- 
ates for the Atomic Energy Commission at 
Oak Ridge, Tenn. 


Fellowships in Power Systems Engineer- 
ing. Westinghouse fellowships in power 
systems engineering at Illinois Institute of 
Technology, Chicago, have been awarded to 
Richard P. Burandt, Wood Dale, Ill., and 
Samuel C. Caldwell, Kansas City, Mo. 
Made possible through a grant to the insti- 
tute by the Westinghouse Education Founda- 
tion, the fellowship originally provided for 
free tuition and $1,500 to one applicant for 
three semesters of study leading to a master’s 
degree in electrical engineering. Because 
the two most outstanding candidates, 
Burandt and Caldwell, are both veterans 
receiving some financial aid under the G. I. 
Bill, the total award was divided between 
them. Burandt is an instructor in electrical 
engineering at Rose Polytechnic Institute, 
Terre Haute, Ind. Caldwell, now a senior 
at the Illinois Institute of Technology, will 
receive his bachelor’s degree in June. Both 
begin the first of three semesters work in Sep- 
tember. 


RMA Elects Cosgrove President. Ray- 
mond C. Cosgrove, executive vice-president 
of the Avco Manufacturing Corporation, 
Cincinnai, Ohio, who served the Radio 
Manufacturers Association (RMA) as presi- 
dent for three consecutive years, 1944 to 
1947, again will direct the activities of the 
association as it begins its 26th year. He 
was recalled to service by the RMA board 
of directors for a fourth term at the ‘‘Silver 
Anniversary’ convention. President Cos- 
grove succeeds Max F. Balcom, vice-presi- 
dent of Sylvania Electric Products Inc., 
Emporium, Pa., who declined to be a candi- 
date for re-election following two years as 
RMA president. Also, five new RMA 
directors were elected and Mr. Cosgrove was 
returned to the board, succeeding John W. 
Craig, vice-president and general manager 
of the Crosley Division, Avco Manufacturing 
Corporation, Nine other directors were 
re-elected, 


Foreign Study Booklet Issued. A hand- 
book of opportunities for study in foreign 
countries has just been issued by the United 
Nations Educational, Scientific, and Cul- 
tural Organization, listing 10,500 opportuni- 
ties for international study in 166 subject 
fields in 27 countries. The largest number of 
the awards will be in science, particularly 
engineering, chemistry, public health, and 
medicine. Entitled “Study Abroad,’’ the 
handbook is available at $1 per copy from 
the Columbia University Press, New York 27, 
Neve 


Joint IRE-RMA Committee Officers 
Named. Donald G. Fink (M’45) and John 
V. L. Hogan (A’11, M20), Fellows of the 
Institute of Radio Engineers, have been 
appointed Chairman and Vice-Chairman re- 
spectively of the Joint Technical Advisory 
Committee by the Boards of Directors of the 
Institute of Radio Engineers and the Radio 
Manufacturers’ Association. Laurence G. 
Cumming (M’47), Senior Member of the 
Institute of Radio Engineers, was reap- 
pointed secretary of the Joint Technical 
Advisory Committee. All three will serve 
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for the term July 1, 1949, through June 30, 
1950. Formed jointly by the Institute of 
Radio Engineers and the Radio Manu- 
facturers’ Association in May 1948, the Joint 
Technical Advisory Committee reviews and 
evaluates technical and engineering informa- 
tion relating to electronics in order to advise 
Government bodies and other professional 
and industrial groups. Currently the com- 
mittee is assisting the Federal Communica- 
tions Commission in its deliberations con- 
cerning the future use of frequencies from 
475 to 890 megacycles for television. It 
has issued two reports on this subject in 
connection with recent Commission hearings. 


New HKN Chapter in Connecticut. The 
Beta Omega Chapter of Eta Kappa Nu 
Association (HKN) was formally installed 
by Robin Beach (A’15, F’35), formerly 
Vice-President, and now National President, 
of HKN, at the University of Connecticut, 
Storrs, late last spring. Twenty-eight elec- 
trical engineering students and 14 
others were initiated in a ceremony ar- 
ranged by A. B. Zerby (A 738), Execu- 
tive Secretary of HKN. A dinner address 
was given by Victor Siegfried (A ’32, 
M °38), Vice-President of the AIEE, District 
1, who also was initiated as a member of the 
HKN on this occasion. 


Engineering Colleges Group Elects 
Officers. At a recent meeting of the Asso- 
ciation of Engineering Colleges of New 
York State, the following officers were 
elected for the 1949-50 term: President— 
Professor Harold W. Bibber, Chairman, 
Division of Engineering, Union College, 
Schenectady, N. Y.; Vice-President—Wil- 
liam Allan, Dean, School of Engineering, 
College of the City of New York (N. Y.); 
Secretary-Treasurer—Brother Amandus Leo, 
Dean, School of Engineering, Manhattan 
College, New York, N. Y. Fifteen New 
York state colleges belong to the association. 


Ordnance Building Dedicated to Diamond. 
Dedication ceremonies for the Harry Dia- 
mond Ordnance Laboratory were held late 
last spring at the National Bureau of Stand- 
ards in the presence of representatives of 
Government and industry. The ceremonies 
were climaxed by the unveiling of a memorial 
plaque on the Bureau’s ordnance laboratory 
which names it the ‘‘Harry Diamond Ord- 
nance Laboratory.” Speakers at the dedica- 
tion were: the Honorable Charles Sawyer, 
Secretary of Commerce; Major General 
E. S. Hughes, Chief of Ordnance, Depart- 
ment of the Army; Rear Admiral A. G. 
Noble, Chief of the Bureau of Ordnance, 
Department of the Navy; and Major 
General R. C. Coupland, Director of Arma- 
ment, United States Air Force. Mr. Dia- 
mond, who died in 1948, pioneered in the 
development of the Instrument Landing 
System, a system for the blind landing of 
aircraft. He also helped to develop radio- 
sonde, a device for collecting weather infor- 
mation from the upper atmosphere, and was 
one of the inventors of the proximity fuse. 
For a biography of Mr. Diamond (F ’47), see 
EE, Aug 48, p 790. 
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Electronic Index Has New Publishers. 
John F, Rider has acquired all properties 
and copyrights of the Electronic Research 
Publishing Company, New York, N. Y., pub- 
lishers of the Electronic Engineering Master 
Index, as well as the Electronic Engineering 
Patent Index. The new organization, known 
as the Electronic Research Publishing Com- 
pany, Inc., of which Mr. Rider is president, 
will expand both compilation and publish- 
ing activities of these two indexes, so as to 
include the full gamut of foreign as well as 
domestic sources of electronic data. It will 
embrace within its activities, a complete 
bibliography research service for electronic 
engineering laboratories, colleges, libraries, 
and other institutions who desire information 
on published technical articles. In addition, 
the organization will publish electronic engi- 
neering texts. Publication of bibliography 
references will be established on a quarterly, 
semiannual, and annual basis. Headquar- 
ters will be maintained at 480 Canal Street, 
New York 13, N. Y. 


IES National Technical Conference. A 
review of significant lighting achievements of 
the past year will make up the program of the 
National Technical Conference of the Ilumi- 
nating Engineering Society (IES) scheduled 
for September 19-23, 1949, at French Lick, 
Ind. ‘The technical sessions of the confer- 
ence will feature symposia on light sources, 
color, street lighting, and residence light- 
ing. Also at the conference, C. H. Goddard 
of Sylvania Electric Products, Inc., will be 
installed as IES President, and Dr. Ward 
Harrison, retired Director, Engineering Divi- 
sion, General Electric Company, will be pre- 
sented the IES Gold Medal and Award 
Certificate. 


H. E. Fritz Honored by Ohio State. Dr. 
Howard E. Fritz, Vice-President of Re- 
search, The B. F. Goodrich Company, has 
been named 1949 winner of the Lamme 
Medal of Ohio State University, Columbus. 
The award is made yearly to a graduate of an 
Ohio State technical department for “‘meri- 
torious service in engineering of the technical 
arts.”? Dr. Fritz pioneered in the adoption of 
rubber-lined steel products as chemical engi- 
neering tools for the handling of corrosive 
liquids. He holds four degrees from Ohio 
State—bachelor of chemical engineering, 
master of science, professional degree of 
chemical engineer, and doctor of philosophy. 


F. D. Snell Gets British Chemistry Medal. 
Dr. Foster Dee Snell, chemical consultant 
of New York, N. Y., recently was presented 
the gold medal of the Society of Chemical 
Industry at its meeting in Manchester, 
England. This is the second time in its 
53-year history that this medal has been 
awarded to an American. It is given bi- 
ennially by the society’s council to a person 
“who has attained eminence in applied 
chemistry.”’? Dr. Snell’s specialty is surface 
active phenomena, which embraces the 
action of soaps, detergents, wetting agents, 
and similar products. He has been a con- 
sulting chemist for nearly 30 years. 
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LETTERS 


{INSTITUTE members and subscribers are invited 
to contribute to these columns expressions of opinion 
dealing with published articles, technical papers, 
or other subjects of general professional interest. 
While endeavoring to publish as many letters as 
possible, Electrical Engineering reserves the right 
to publish them in whole or in part or to reject them 
entirely. Statements in letters are expressly under- 


Measuring Heavy Direct Currents 


To the Editor: 


The article, ““Measuring Heavy Direct 
Currents,’ (EE, Mar’49, p 242) says that a 
static d-c transformer has long been a 
“sought-after impossibility’ until Westing- 
house engineers invented the ‘“Transductor.”’ 

In fact, however, only the name is new, 
the device has been published and manu- 
factured in Europe during the past 30 years. 
The original inventor is E. Besag; he pub- 
lished the d-c transformer in the Elektro- 
technische Zeitschrift, 1919, page 436. His 
German patent had been filed six years 
earlier, August 21, 1913, No. 272,748. 

Improvements were later made by 


Voigt and Haeffner (German Patent 315,945) 

Keinath (German Patent 386,332) filed September 1, 
1922 

Rottsieper (Allgemeine Elektrizitaetsgesellschaft) 

V 3216—1, 1933 Archiv fuer Technisches Messen 

Someda (L’Elettrotecnica 1935, page 206) 

Kraemer (Allg. El. Ges., Elektrot, Z. 1937, page 1309) 
Ritz (Siemens and Halske) 


There are many publications, summary 
reports you may find in the Archiv fuer 
Technisches Messen (“ATM’’) 


V 3213—1, December 1932 
V 3216—1, August 1933 

V 3213—2, September 1938 
V 3213—3, November 1939 


A British d-c transformer with the ratio 
40,000/10 amperes (d-c to a-c) has been 
described in Electrical World of August 23, 
1941, from Electrical Review. 

I wonder whether all these publications 
on the subject and the fact that such trans- 
formers were in production abroad were 
unknown to Westinghouse engineers. ‘The 
performance of these earlier d-c transformers 
was fully satisfactory. A 20,000/5 ampere 
transformer built by Kraemer delivered 30 
volt-amperes with an accuracy of +0.5 per 
cent within 10 and 120 per cent of rated 
current. 

It does not look that the d-c transformer 
was in one class with the perpetuum mobile. 

GEORGE KEINATH (M’37) 


(Larchmont, N. Y.) 


Exponential Rise 


To the Editor: 

I have been rather a long time getting 
round to the May issue of Electrical Engi- 
neering, and so have just seen the letter by 
Charles Ammerman on “Exponential Rise’’ 
(EE, May’49, p 468). 

I too have not seen the proof of the use 
of semilog paper for straightening an ex- 
ponential curve, but on the European side 
of the Atlantic at least, its use is widespread. 
As evidence of this I would remark that 
British Standard Specification 173, clause 
22, page 11, relating to traction motors, 
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TO THE EDITOR 


stood to be made by the writers. Publication here 
in no wise constitutes endorsement or recognition 
by the AIEE, All letters submitted for publication 
should be typewritten, double-spaced, not carbon 
copies. Any illustrations should be submitted in 
duplicate, one copy an inked drawing without 
lettering, the other lettered. Captions should be 
supplied for all illustrations. 


specifies this method for the extrapolation 
of armature cooling curves at zero time. 

In a more empirical manner, semilog or 
log-log paper can be used for making 
acutely curved graphs more nearly straight. 
I have used this often to ease the job of 
interpolating values among experimental 
points, even when there is no particular law 
to the curve to justify the use of this special 
paper. As Worthing and Geffner (‘‘Treat- 
ment of Experimental Data’’) point out, 
the more nearly a curve approaches a 
straight line, the easier it is to deal with the 
figures accurately. 


FRANK W. ROBERTS (M ’45) 
(‘““Ashdown,” Western Road, Billericay, Essex, England) 


4-Terminal Network 


To the Editor 


I must concede to Mr. Kroneberg that in 
his letter to the editor (EE, Feb ’49, p 186) 
he does solve my ‘‘4-Terminal Network’’ 
problem (EE, Nov ’48, p 1073) very neatly 
using all six transformers actively. 

May I return the compliment to Mr. 
Kroneberg. 


J. SLEPIAN (F ’27) 


(Associate Director, Westinghouse Research Labora- 
tories, East Pittsburgh, Pa.) 


Increasing Quartz Crystal ““Q” 


To the Editor: 


The importance of quartz crystal unit 
for frequency control derives from the very 
high Q (ratio of reactance to resistance) and 
the low frequency-temperature coefficient 
of quartz, and the very steep slope of the 
reactance curve of the crystal blank. The 
Q of quartz is higher than that of any other 
frequency controlling device used to date. 

The Q and frequency of a given quartz 
crystal blank change, however, with time; 
these changes are results of the so-called 
aging process. During World War II, 
crystal units were used in very large quan- 
tities in military communications equipment. 
Considerable difficulty was experienced 
during the first years of the war because 
the useful life of a crystal unit was greatly 
reduced by reason of its ‘“‘aging out of fre- 
quency” or “going dead.” A usable re- 
duction in aging was later accomplished 
during 1944 by etching the surfaces of the 
crystal blanks. This only mitigated the 
effect, however, and its more complete 
elimination was highly desirable. 

A method has recently been developed 
at the Signal Corps Engineering Labora- 
tories, Fort Monmouth, N. J., whereby the 
Q-value of the quartz blank has been ma- 
terially increased, and the aging has been 
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very greatly reduced. The method con- 
sists of annealing the quartz blank by heating 
it almost to the inversion temperature of 
quartz, or 500 degrees centigrade, and cool- 
ing it down extremely slowly. 

This simple treatment yields values of 
Q which are at least double those of un- 
treated quartz blanks, and variations in 
frequency and Q are minute. These im- 
provements in Q and aging characteristics 
appear to be of a permanent character. 

A paper describing the results in greater 
detail is in preparation. 


A. C. PRICHARD, M. A. A. DRUESNE, 
D. G. McCAAN 


(Signal Corps Engineering Laboratories, Fort Mon- 
mouth, N. J.) 


Illumination Terms 


To the Editor: 


So Professor Abramowitz objects (EE, 
Jun’49, pp 559-60) to Dr. Goldmark’s use 
of the foot-lambert as a unit of illumination 
(EE, Mar’49, pp 237-42). 1 thought every- 
one knew that such lapses are in the best 
tradition in writings on photometry. The 
author is merely playing a game with his 
readers for the amusement of those who 
understand. 

Professor Abramowitz should know this 
as well as anyone. In fact, he does it him- 
self. He says “The unit of illumination is 
foot-candles and refers to light flux per 
square foot falling normal to the surface.” 
He means, I think, light flux per square foot 
of surface, period. Again, he says, ““Thus, 
while both foot-candles and foot-lamberts 
have the same dimensions, that is, ‘lumens 
per square foot,’ physically they are quite 
different.’”> He means, I think, that foot- 
candles have the dimensions of lumens per 
square foot, while foot-lamberts have the 
dimensions of lumens per steradian per 
square foot. 

I must concede Professor Abramowitz a 
distinct edge over Dr. Goldmark in one 
respect—he plays the game with more 
finesse. 


MILLARD W. BALDWIN, JR. 


(Bell Telephone Laboratories, Murray Hill Labora- 
tory, Murray Hill, N. J.) 


To the Editor: 


I have read Professor Abramowitz’s 
letter carefully in which he states that I have 
misused the term foot-lambert. Perhaps it 
was a mistake on my part not to have spelled 
out the exact method of measuring the 
illumination surrounding the receiver. A 
white card was placed next to the receiver, 
and the light reflected from that card was 
measured with a Macbeth Illuminometer 
as 20 foot-lamberts. In view of more 
important issues which were involved in 
the article, I did not feel that it was necessary 
to give such a detailed explanation of this; 
and I sincerely hope that I have succeeded 
in putting across my fundamental ideas to 
most of your readers. 

I greatly appreciate the comments ad- 
dressed to you by Dr. Baldwin, who has come 
to my rescue in this matter. 


PETER C. GOLDMARK (M °45) 


(Director, Engineering Research and Development 
Department, Columbia Broadcasting System, Inc., 
New York, N. Y.) 
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NEW BOOKS eeeece 


The following new books are among those recently 
received at the Engineering Societies Library. Un- 
less otherwise specified, books listed have been pre- 
sented by the publishers. The Institute assumes no 
responsibility for statements made in the following 
summaries, information for which is taken from the 
prefaces of the books in question. 


TRANSFORMATIONS ON LATTICES AND 
STRUCTURES OF LOGIC, By Stephen A. Kiss. 
Published by Stephen A. Kiss, 11 East 92d Street, New 
York, N. Y. 322 pages, diagrams, tables, 10!/4 by 
7 inches, cloth. A study of the symmetries of certain 
abstract structures written as a guide for those interested 
in the development of 4-class logic and mathematics. 
Subject matter deals mainly with Boolean algebras, in- 
cluding such topics as structures; sets, groups, and rings; 
partially ordered systems and lattices; link-preserving 
transformations; Boolean algebras; direct unions of 
chains, number systems; and the calculus of classes, of 
propositions, and of propositional functions. A bibliog- 
raphy and index are included. 


ROYAL SOCIETY NEWTON TERCENTENARY 
CELEBRATIONS, July 15-19, 1946. University 
Press, Cambridge, England; Macmillan Company, 
New York, N. Y., 1947. 92 pages, illustrations, 10!/4 by 
61/2 inches, cloth, $3. This book contains the record 
of the celebration of the 300th anniversary of the birth 
of Isaac Newton. The lectures and addresses deal 
either with Newton as a man or with separate aspects 
of his work. Much of the book is for skilled readers 
only, but several lectures are intelligible to the layman, 


SPHERICAL HARMONICS. By T. M. MacRobert, 
Second edition revised. Dover Publications, New York. 
N. Y., 1947. 372 pages, diagrams, 83/4 by 51/2 inches 
cloth, $4.50. An elementary treatise on harmonic 
functions for students with a knowledge of calculus but 
unfamiliar with the method of contour integration or 
the modern theory of functions of a real variable. On 
this same basis the book treats Fourier series, Bessel 
functions, the hypergeometric function, and associated 
Legendre functions. Considerable space has been de- 
voted to applications in mathematical physics and 
engineering. 


TABLES OF THE BESSEL FUNCTIONS OF THE 
FIRST KIND OF ORDERS 28 THROUGH 39. 
(Annals of the Computation Laboratory of Harvard 
University, volume 10.)- By the staft of the Computa- 
tion Laboratory. Harvard University Press, Cambridge, 
Mass., 1948, 694 pages, tables, 113/, by 73/4 inches, 
cloth, $10. Eighth of the series begun in 1947 with 
tables of the orders zero and one, the present volume 
continues to present the tables computed on the auto- 
matic sequence controlled calculator. Bessel functions 
of orders 40 through 100 are to be published subse- 
quently. The tabulation in the current volume is 
carried to 10 decimal places. 


THEORETISCHE ELEKTROTECHNIK, BAND 2. 
Grundziige der Theorie des Wechselstromkreises und 
des einphasigen Transformators. (Lehr- und Hand- 
biicher der Ingenieurwissenschaften 12.) By K. Kuhl- 
mann, Verlag Birkhauser, Basel, Switzerland, 1947. 
175 pages, diagrams, charts, tables, 93/4 by 61/2 inches, 
linen, 26.50 Sw..frs.; unbound, 22.50 Sw. frs. This 
book treats analytically and graphically the principles 
of a-c circuits and single-phase a-c transformers. The 
representation in analytical form is based on the use of 
the theory of complex numbers and the geometrical 
location of points. Ameng the special topics dealt with 
are the influence of iron and saturation and leakage 
phenomena. 


TRANSFORMERS, PRINCIPLES AND APPLICA- 
TIONS. By C. H. Dunlap, W. A. Siefert, and F. E. 
Austin. American Technical Society, Chicago 37, IIl., 
1948. 277 pages, illustrations, diagrams, charts, tables, 
81/2 by 51/2 inches, cloth, $2.75. Written for the prac- 
tical man, this book is a thorough treatment of the 
subject and is organized for instant application to the 
job. Itis divided into three parts: construction; theory, 
connections and operations; and the design of small 
transformers, The electrical and magnetic principle 
necessary for the understanding of the subjects discussed 
are included. 


TRANSFORMERS, THEORY AND CONSTRUC- 
TION. By W. CG. Sealey. International Textbook 
Company, Scranton, Pa., 1948. Paged in sections, 
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Library Services 


NGINEERING Societies Library 
books may be borrowed by mail 
by AIEE members for a small han- 
dling charge. The library also pre- 
pares bibliographies, maintains search 
and photostat services, and can provide 
microfilm copies of any item in its 
collection. Address inquiries to Ralph 
H. Phelps, Director, Engineering So- 
cieties Library, 29 West 39th St., 
New York 18, N. Y. 


illustrations, diagrams, charts, tables, 81/2 by 51/4 inches, 
cloth, $3. Stressing modern practice, this volume con- 
siders transformer history, theory, calculations, construc- 
tion, and application. It presents the fundamental 
principles so as to provide an introduction and a working 
knowledge of transformers. Material which is of aca- 
demic interest only is omitted, but the author has 
covered a wide variety of special transformers for un- 
usual applications. 


TRENDS IN ENGINEERING EDUCATION, THE 
COLUMBIA EXPERIENCE. By J. K. Finch. 
Columbia University Press, New York, N. Y., 1948. 
140 pages, charts, tables, 8 by 51/2 inches, cloth, $2. 
Although presenting the philosophy of education of 
one particular school, the Columbia school of engineer- 
ing, this small volume should be of interest to all engi- 
neering educatcrs. Two of the most important problems 
discussed are the broadening of engineering curricula 
to include basic subjects of general education and the 
advancement of graduate instruction and research in 
engineering science. Teaching methods and the problem 
of faculty appointments have not been considered. 


UNDERSTANDING TELEVISION. By O. E. 
Dunlap, Jr. Greenberg, Publisher, 201 East 57th St., 
New York, N. Y., 1948. 128 pages, illustrations, dia- 
grams, maps, tables, 8 by 51/4 inches, cloth, $2.50. 
Written fer the layman, this volume is a simple, direct 
explanation of what television is and how it works. 
Following an historical survey is discussion of the tele- 
vision camera, antennas and relay station, coaxial cable, 
and the receiver. The techniques involved in putting 
together a television program, both in the studio and 
in the field, are considered. There is a glossary. 


MATHEMATICS AT WORK. By H. L. Horton. 
Industrial Press, New York 13, N. Y., 1949. No 
pagination, diagrams, tables, 91/4 by 6 inches, fabrikoid, 
$6. A working manual for machine designers, tool 
engineers, gauge designers, mechanical draftsmen, and 
technical or trade students. It reviews the funda- 
mentals of arithmetic, algebra, geometry, and trigo- 
nometry, There is a comprehensive discussion of 
problems and their solution and an explanation of special 
aids in computation. 


MECHANICAL VIBRATIONS. By W. T. Thomson. 
Prentice-Hall, New York, N. Y., 1948. 222 pages, 
diagrams, charts, tables, 81/2 by 51/2 inches, cloth, $5. 
Based on courses presented at the University of Wis- 
consin, this book presents the fundamentals of vibration 
theory and provides a general background for advanced 
study in the field. The student is assumed to have an 
elementary knowledge of calculus, dynamics, and 
strength of materials, 


PAMPHUE TSweterenene 


The following recently issued pamphlets may be of 
interest to readers of “Electrical Engineering.” Ali 
inquiries should be addressed to the issuers, 


NEMA Standards. Two standards recently 
published are ‘Standards for Mining Belt 
Conveyors,’ Publication Number 49-142, 
and “Standards for Rubber-Insulated Power 
and Control Cables,’? Publication Number 
49-141. The first covers sectional-type elec- 
trically driven conveyors. The latter de- 
scribes cable construction, test requirements, 
and the dimensions of components. 49-142 


Of Current Interest 


sells for 50 cents, and 49-141 for $3. Four 
other standards available are: ‘‘Black Var- 
nished Condenser Paper,’’ 48-137; ‘‘Yellow 
Varnished Condenser Paper,’ 48-138; 
“Yellow Varnished Nylon Fabric,’ 48-139; 
“Yellow Varnished Silk Fabric,’ 48-140. 
These are priced at 60 cents per copy. 
Address orders to National Electrical Manu- 
facturers Association, 155 East 44th Street, 
New York 17, N. Y. 


Manual on Photomicrography, PB 92781. 
The instruments of photomicrography, their 
theory and techniques, are discussed in this 
manual prepared by the Carl Zeiss Company 
of Germany and translated by the Air Force. 
Available at $17.50 in photostat and $5.50 in 
microfilm from the Librarian of Congress, 
Photoduplication Service, Publication Board 
Project, Washington 25, D. C. 


Optical Glass at the National Bureau of 
Standards. A description of procedures used 
by the bureau in its expermental glass plant. 
Available at 15 cents per copy from the 
Superintendent of Documents, United States 
Government Printing Office, Washington 25, 
D.G: 


High-Speed and Motion-Picture Photog- 
raphy. A 129-page booklet covering elec- 
trical flash photography, a new high-speed 
stroboscope, motion-picture equipment for 
very-high-speed photography, and industrial 
and scientific applications of high-speed 
photography. May be purchased for $1.50 
from the Society of Motion Picture Engineers, 
342 Madison Avenue, New York 17, N. Y. 


Department of Commerce Releases. 
‘‘Some Fundamental Aspects of Telemeter- 
ing,’ Report PB93938, dealing with inherent 
problems. 73 pages. Photostatic copy, $10; 
microfilm copy, $3.50; ‘‘Rotating Electri- 
cal Machinery, Transformers and Electric 
Traction,” Report PB93859, a summary 
on electric motors, generators, and trans- 
formers from a review of industrial practice 
in Germany. 258 pages. Photostatic copy, 
$32.50; microfilm copy, $9. Available from 
the Library of Congress, Photo-duplication 
Service, Publication Board Project, Washing- 
ton 25, D. C. 


Carbon Dioxide Protection of Fur-Storage 
Vaults, Subject 172B. A report including 
test procedure and equipment, salvage 
evaluation, observations, and summaries. 
Available from the Underwriters’ Labora- 
tories, Inc., 207 East Ohio Street, Chicago 11, 
Ill. 


National Bureau of Standards Publica- 
tions. Circular 469, “‘Optical Glass at the 
National Bureau of Standards,” a descrip- 
tion of the NBS plant for the production of 
optical glass. 15 cents a copy; Circular 470, 
‘Precision Resistors and Their Measure- 
ment,” on the practical limitations of resist- 
ance-measuring bridges. 20 cents a copy; 
“Simplified Practice Recommendation 
R233-48, Rotary Files and Burs,’’ based on 
consumer requirements. 10 cents a copy. 
All available from the Superintendent of 
Documents, Government Printing Office, 
Washington 25, D. C. 
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